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PKEFACE 


This Laboratoky Manual is designed to accompany the 
Hiqh School Physics. 

In preparing the present edition many alterations and ad¬ 
ditions have been made with the object of fitting the experi¬ 
ments described herein more closely to the treatment of the 
various subjects in the text-book, and also of rendeiing the 
book more suitable to be placed in the hands of the students 
and used by them with the least amount of direction from the 
teacher. 

The experiments in the book may be divided into three 
classes First, those which are qualitative or simply illustra¬ 
tive in nature and those which require lather more 
elaborate apparatus It is intended that the teacher shall per¬ 
form these himself, at the same time discussing them with the 
class as he proceeds These are marked with a single star (*) 
before the number of the experiment Then there are a few 
which are intended chiefly for Upper School students These 
are indicated by two stars (**) The remainder, which make 
up the larger portion of the book, are to be performed by the 
students working singly or in pairs The apparatus for them 
is simple and the instructions have been made as plain and 
explicit as possible 
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PREFACE 


At the front of the book is an introductory chapter giving 
general instructions to the student, at the back is an appendix 
containing suggestions for teachers and a detailed list of 
apparatus required for the experiments to be performed in 
concert by the students It also contains a series of tables of 
physical constants taken from the Sm^thsoniann Physical 
Tables. This volume, or one similar to it, should be in every 
physical laboratory 

Many of the improvements introduced in this edition are 
due to Mr George A, Cline, M A , Instructor in Physics in the 
University of Toronto Schools, Toronto, whose good judg¬ 
ment and wide experience in teaching the subject have been 
invaluable. In addition, many important corrections and 
suggestions have been received from Mr George F. Roger s, B A 
Inspector of High Schools, and Mr G. K Mills, B.A., Inspector 
of Continuation Schools. From their long and intimate 
connection with secondary schools, large and small, they have 
been able to offer many criticisms of a useful and practical 
nature 


Toronto, June, 1924 
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INTRODUCTION 

Information for Students 

The Value of Laboratory Work 

The ancient Greeks, who lived more than two thousand 
years ago, knew many of the fundamental facts of physical 
science and yet they contributed but slightly to its advance¬ 
ment Why was this? They were clever, acute thinkers, 
but they possessed little or no aptitude for observing and 
experimenting They were content to speculate upon the 
causes of things which they saw, but did not care to put their 
theories to the proof. 

The various laws of physics and their practical applications, 
such as in the telephone, radio, electric lighting, the gasoline 
engine, the huge turbine and the mighty dynamo, have been 
developed by careful, systematic, persistent experimentation 

The object of the work in the physical laboratory is to learn 
how to make experiments and then to draw the proper con¬ 
clusions. 

Further, there is a wide difference between information 
crammed into the mind in set phrases out of a text-book, and 
a living knowledge of visible things acquired by one’s own 
conscious efforts. In the laboratory you are given a definite 
problem to investigate and are expected to proceed method¬ 
ically to its solution By experience you learn that apparatus 
must be handled carefully, observations made accurately and 
results recorded fully. After pei forming a number of the 
experiments you will be able to appreciate some of the diffi¬ 
culties encountered by the pioneer scientists and to realize 
what we owe to their patience, devotion and skill. 
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INTEODUCTION 


How TO Proceed 

The instructions given with each experiment serve as a 
guide to the solution o£ the problem proposed, with the least 
possible waste of time and energy. 

These instructions should be read carefully before starting 
the actual experimenting. "‘Hasten slowly f’' Being in a hurry 
to begin often leads one to overlook some important part of 
the operations and hence to reach an unsatisfactoiy I’esult 

Concise but complete notes of the measurements and the 
observations made should be kept by each person during the 
progress of the work. Write them down at once ’ 

Take all measurements with the greatest care Even when 
one has done his best, he will find that he has fallen far short 
of absolute accuracy A human being need never expect to 
reach perfection, there will always be some accidental error 

But in every case, record the observations made and the 
result deduced exactly as they are secured. An idea of wliat 
one expects to get should not be allowed to influence what is 
actually obtained. 

Care of Apparatus 

Scientific apparatus is costly and has to serve a scliool for 
many years Make it a matter of honour to leave the appa¬ 
ratus clean and in good condition. Never do anything to 
deface or otherwise injure it. 

Laboratory Note Books 

While notes of observations are to be made during the exper¬ 
iment, the full record of the work is usually written out after 
completing it For this purpose a loose-leaf note-book is most 
satisfactory. 

Make the report neat, concise and clear, so that when any 
one else reads it over he will understand what you set out to 
do and what you actually accomplished. 
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The matters to be included in the record may be listed thus*— 

1 Name of student and form in school. 

2 Number and purpose of the experiment 

3 List of apparatus used (This may be omitted, at the 

option of the teacher ) 

4. Description of procedure This should be in the stu¬ 

dent’s own words insufficient detail to enable him to 
recall the experiment easily when he reviews the 
work. 

5. Observations, (tabulated when possible) 

6. Calculation of numerical results (if any) The various 

steps in the calculation should be so clearly set forth 
that any one examining the report should be able to 
understand the piocess of reasoning by which the 
result was obtained. 

7 Conclusions which can be drawn from the experiment. 

8 Diagrams of apparatus, electrical circuits, etc 

An actual report by a high school student will be found on 
the next two pages. This is intended to be only suggestive 
Perhaps you can improve on it. At any rate use your own 
mind and do your best. 


Experiments which are marked with one star (*) are in¬ 
tended to be demonstrations by the teacher, those with two 
stars (**) are for Upper School students, the remainder are 
for simultaneous performance by the students woiking singly 
or in pairs 
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Part I.— Mensuration, Units, Density 

Experiment !•—^To determine the number of centimetres 
in one inch. 

Apparatxts — Rule graduated in inches and cent line ties, sharii-pomted 
pencil or pm. 

Method ,—Place the edge of the rule on a shoot of paper so 
that the inch divisions are touching the paper and mark off 

two points exactly two 
inches apart (Fig 1). In 
doing this do not use the 
end division of the rule as 
it is frequently incorrect 
Then measure the distance 
between these points in 
centimetres If the reading 

Pio 1 —Comparing inclies and centimetres COmeS betweCll tWO milli¬ 

metre marks, estimate the 
fraction in tenths. This will give the number of centimetres 
in two inches to two places of decimals Next, calculate 
(by division) the number of centimetres in one inch. 

Repeat using points three, four and five inches apart. 
Tabulate results as follows:— 

Results 

Inchks 

2 

3 

4 

5 


Write down your conclusion. 
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Experiment 2.—To construct a graph to show the relation 
between inches and centimetres. 


Apparatus — Piece of squared paper, pencil and rule 


Method .—Let each large division measured to the right of 
OY (Fig, 2), represent one inch, and let each large division 
measured up from OX 


represent one centi¬ 
metre. 

Mark along OX and 
OY, 1, 2, 3, etc , as in 
the diagram. 

From Experiment 1 
we know that 1 inch 
equals 2 54 cm., 2 inches 
5 08 cm., 3 inches 7.62 
cm., etc. 

From 0 travel along 
OX to the 1-inch mark 
and then travel up the 
vertical line at the 1- 
inch mark until a point 
is reached at a distance 
from OX representing 
2 54 cm At this point 
make a dot with the 
pencil. 



Next travel un from 2— Graph showinK relation between inches 

^ and centimetres 

the 2-inch mark a dis¬ 


tance representing 5 08 cm and make another dot Continue 
similarly until the limits of the sheet of squared paper are 
reached. 
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Now, by means of a line, join all the points obtained. If 
the work has been done accurately the line will be straight, 
and it will represent graphically the relation between inches 
and centimetres. 

From the graph determine the number of centimetres in 
2.4, 3.2, 5 8 and 7 6 in and the number of inches in 2.3, 4.7, 
9.6 and 10 4 cm. 

Graphs are very useful in expressing visually many physi¬ 
cal laws and relations. OX and OF are called the axes of 
reference. Distances measured in the direction OX are 
known as ahsetssas and those in the direction OF as 
ordtnates. 

Experiment 3.—^To determine experimentally the value of 
TT (the ratio of the circumference to the diameter of a circle). 

Appaeatus —Accurately-made circular wooden or metal discs from 
2 to 8 inches m diameter, large coins, or cylindrical cans, strips of thin 
paper; fine wire, such as florists use, metric rule 

(a) Measure the Diameter Method I —Lay the rule on 
a face of the disc so that the graduated edge lies along 

a diameter (Fig. 3), and adjust it 
so that one edge of the disc is ex¬ 
actly at one of the graduations on 
the stick Then take the reading at 

Fig s.^Me&Buxins the dia- the Other edge of the disc, and by 
SaS rione a^SianSto' Subtracting the two readings obtain 

the diameter. If the latter edge 
comes between two graduation marks, estimate the fraction 
in tenths, not in halves or thirds as wo usually do. It is 
much simpler to work with decimals, and a little practice will 
enable one to estimate quickly the nearest tenth with con¬ 
siderable accuracy. 
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Method II .—Two patterns of callipers are shown in Figs. 4 
and 5. The upper ends of the instrument shown iir h'’ig. 5 are 
for determining the inner diameter of a tube or a ring; the 
other ends are for measuring outside diameters. Adjust the 
callipers to the disc until it will just slip through the jaws. 
Then measure the distance between the jaws on the rule. 

Measure five (or more) different diameters of the disc 
As a final result take the average of all the measurements. 




Fig 4 —Callipers Fia 5 — Callipers 

(6) Measure the Circumference. Method I —^Wrap a strip 
of paper tightly round the edge of the disc, and in the over¬ 
lapping portion prick a small hole with a pm Then spread 
the paper out on a table and, laying the metric rule on 
it, measure the distance between the two holes. This is the 
length of the circumference Repeat the process and take 
the average of all measurements 

Method II —Wind the fine wire one or more times—accord¬ 
ing to the size of the disc—about the circumference, and 
then measure the length of the wire by applying it to the 
rule. Take the mean of five measurements. 

Repeat the measurements of diameter and circumference, 
using different discs, coins or cans. 
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Record the observations on each disc in a table, such as 
the following:— 

First Disc 



Mean 

Value of TT • . . 

Why is it advisable to uso discs of the sizes indicated 
rather than small ones, say 1 inch in diameter ^ 


Experiment 4.—^To find the area of a circle. 

Apparatus —Compasses, squared paper, mctiic rule. 

Method .—Draw a circle with radius 3 contimotres (or 1 inch 
if more convenient) on squared paper, (Fig. 6) The paper 
is usually divided into mm. or tenths of inches, and hence 
the area of a small square is 1 sq mm. or sq.inch. Count 
the number of complete small squares in one quadrant of 
the circle; count also the number of incomplete squares in the 
quadrant and divide this number by 2*. Then add together 
the two numbers so obtained and from this calculate the 
area of the whole circle in sq. cm or sq. in. (Suggeshon .— 
First find the number of little squares in the largo square 
abed ). 

*Some of these incomplete squares will bo groator than ono-half ami others loss than 
one-half of a complete square, the average value of the area of an incoinx>lote square will 
be approximately one-half 
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Next find the area of the square on the radius, and divide 
this into the area of the circle 



Fig 6 —Finding the area of the circle by counting the full squares 
and the fractional parts. 


Repeat, using circles 4 and 5 centimetres (oi 2 and 3 inches) 
in radius, and tabulate your observations as follows* 


RA.niUB OP CiRCi.1 

AUfcA OF ClUCLh 

Area oi Squirt- 
ON Rauius 

Are\ of Circle 

A REV OF Sq on Radius 

3 cm 

sq cm 

sq cm 

1 

4 “ 

41 

“ 


5 

“ 

If 



Average 


The area of a circle is Trr* (it = 22/7 or 3 1416) Compare 
your result with this* 
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Experiment 5.—^To find the volume of a cylinder by meas¬ 
urement, and to test the result by using an overflow can and 
a graduate. 

Apparatus —Cylindrical block, callipeis, metric lulc, overflow can 
and a graduate 

Method .—Using the callipers and rule, find the average 
height and diameter of the block in cm , taking at least three 
measurements of each dimension 

Calculate the volume of the cylinder in c c from the formula 
irr^h where r is the radius and h the height of the cylinder 
Next, place the finger over 
the spout of the overflow can 
(Fig 7) and hold it under the 
tap until the water is above the 
level of the spout Place the 
can on the table and let the 
Eio. 7 .—Overflow can. gxcess water run out into a 
beaker. Empty this water into the sink. Now 
hold a graduate (Fig 8) under the spout and < 
lower the cylinder into the can slowly, until it pi 
is wholly immersed. (If the block is of wood 
it will have to be pushed under the water with a pin.) When 
the water stops running out of the spout, place the graduate 
on the table and take the reading Water in a glass vessel 
curves up at the edge; it is the reading of the lowc.'it part of 
the surface which must be observed. Take three readings of 
the water displaced and record your results as follows — 


Reading 

Height 

D lAMETER 

VoL BY Calculation 

VOL B\ DiHPLACLMIuNT 

1 

cm 

cm 

from the average 

c r 

2 

it 



•* 

3 

» 


height and diameter 

.. 

Average 

i t 


c e 

14 


Which method do you prefer ? Why ? 



1 

~M0 

^450 

~i00 

~3flC 

— 150 


—50 I 

a 8 —A 
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Experiment 6.—To find the volume of a sphere by meas¬ 
urement and to test the result by the displacement method. 

Apparatus —A hard rubber ball (or other sphere), callipers, rule, 
overflow can and graduate. 

Method ,—Using the callipers and rule, find the diameter of 
the sphere in cm , taking the average of at least three readings. 

Calculate the volume in c.c. from the formula fTrr®, where r 
is the radius of the sphere. 

Next find the volume by displacement (see Experiment 6). 
This should be repeated at least three times. 

Record your results as follows — 

Average diameter of sphere cm 

Volume by measurement (-jTrrs) c c 

Average volume bv displacement c c 

Experiment 7.—^To construct a graduate. 

Apparatus —Piece of glass tubing of about 3 cm diameter and 15 cm 
height, rubber stopper, callipers, rule 

Method —Cork one end of the tube as in Fig 9, and find 
the average diameter of the tube by using the callipers and 
rule Then calculate the area of the cross-section 
of the tube by using the formula, Area = 

Next compute (by division) how far up 
from the cork you would need to place marks 
reading 10 c c , 20 c c , 30 c c , etc. Mark off 
these divisions on a strip of paper and secure it 
to the outside of the tube by rubber bands. 

Test the graduate you have made by pouring usfd 
into it volumes of water measured in another 
graduate. 
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Determination of Mass. —Mass is determined by means of 
the balance (Fig. 10) For description of balance, weights, etc , sec 

Text-Book, § 12 In using the 
balance the following rules 
should bo observed 

1 Keep the balance dry and 
free from dust 

2 Sec that the balance is 
properly adjusted, so that it 
will, when unloaded, citlna rest 
m equilibrium with the pointer 
at the zeio maik on the scale, 
or will swing equally on cilhei 
side of zero 

3 Place the body whose mass 
is to be ascertained in the left- 
hand scale-pan, and place the 
weights in the right-hand fe(*alo- 
pan Until some experience in 

j’udging the mass of a body has been obtained, try all the weights m 
order, commencing with the largest and omitting none When any weight 
causes the right-hand pan to descend, remove it Never select weights at 
random. 

In the balance shown in the figure any addition under 10 grams is ob¬ 
tained by sliding the rider r along the beam It gives gram directly, 
and - 3 ^ of this may be obtained by estimation. 

Before beginning, the balance should be tested. Push the rider i over 
to its zero mark and then if the pans do not balance (as indicated l>y the 
pointer P) turn the nut n until they do 

4 To determine the equilibrium do not wait until the balance comes to 
rest When it swings equally on either side of zero the mass m one pan 
equals that in the other 

5 Place the largest weight in the centre of the pan, and the others in 
the order of their denominations 

6. Keep the pans supported when weights are to be added or taken off. 

7. Small weights should not be handled with the fingers Use forceps 

8 Weigh in appropriate vessels substances liable to injure the pans. 
For counterpoise use shot and paper 

9 Never use the balance in a current of air. 



Eio 10— A. convenient balance Handle it 
with great care 
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Experiment 8.—^To find the density of water. 

Apparatus —Beaker or can of about 600 c c capacity, graduate, balance 

Method —Weigh the beaker carefully and record the weight. 
Fill the graduate to the 100 c.c mark, taking your reading 
opposite the level surface of the water (It will be higher 
than this at the edges.) Pour the water into the beaker and 
weigh again Subtract the first reading to obtain the weight 
of the water. Calculate the weight of 1 c.c. of water to the 
nearest third place of decimals. 

Repeat, using 200, 300, 400 c c of water and tabulate the 
results as follows •— 


VoLUMifl OF Water 

Mass 

M ASS OP 1 c c 

100 c c 

gm 

gm 

200 


4 i 

300 

<4 

44 

400 


4 4 

Average 

44 


How does your result compare with the value given in 
Text-Book, § 15 “i* 

Experiment 9.—^To find the volume of a rectangular solid; 
also its density. (Text-Book, § 15 ) 

Apparatus —Block of wood, metric rule, balance 

Method —Apply the rule to each edge of the block, thus 
measuring each dimension of the block four times Take the 
average, and by multiplying the three dimensions obtain the 
volume. 

Weigh the block and calculate the number of grams in 1 c.c. 
of it. Arrange your results in a table. 
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Experiment 10.—To find the specific gravity of an irregular 
solid. 

Apparatus. —Balance, piece of giamte or any other solid, oveiflow can, 
catch-bucket 

Method .—Weigh the granite and the catch-buckct carefully 
and record their weights Then fill the ovci'flow can, obser¬ 
ving the instructions given in Experiment 5, and lower the 
granite into it carefully, catching the overflow in the bucket 
Weigh the bucket and water and subtract the weight of the 
bucket to find the weight of the water. Repeat the displace¬ 
ment at least three times, if time permits, and average your 
results. 


Tabulate your results as follows — 


Wt of Gbamte 

Wt of Bucket 

Wt op Bucket & Watiu 

Wt ot Wateii 

gm 

gm. 

<1 

gm. 

41 

gin 

“ 

*• 

44 

* 

Avebaok 



Sp Gr 


Weight of gi anite 
Weight of equal vol water 


gin 


Experiment 11.—^To find the specific gravity of a liquid by 
means of the specific gravity bottle. (Text-Book, § 9.^) 

Apparatus* —Concentrated solution of copper sulphate or of common 
salt, gasoline, specific gravity bottle (Fag 11), balance, ordinary hyilromtMtT 

Method .—First weigh the bottle empty and 
dry. Then fill with water. There is a small 
hole in the stopper through which any excess of 
water escapes. Carefully wipe off the water and 
weigh again Empty the water, rennoving it 
all, fill with the salt solution and weigh again. 

Rinse out the bottle with water, dry it as 
carefully as possible, fill it with gasoline and 
weigh once more. 
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Arrange your results as follows:— 


Weight of bottle empty gm 

Weight of bottle filled with water “ 

Weight of bottle filled with salt solution 
Weight of bottle filled with gasoline “ 

Weight of water “ 

Weight of salt solution 
Weight of gasoline 


Weight of salt solution _ 

Weight of water ”” 

^ , Weight of gasoline 

of gasoline = ' WelghT'of water" = 

Find-the specific gravity of the liquids with a hydrometei 
and compare results 


S G of salt solution = 


S. G. 


*Experiment 12,—^To find the value of 1 ounce in grams, 1 
kilogram in pounds, 1 quart in c.c. and in litres. (Text- 
Book, § 11) 

Apparatus —Balance, with both British and metric weights, quart 
measure, glass vessel graduated in c c 

Method —(a) Place an ounce weight on the left-hand pan 
of the balance (Fig. 10) and place metric weights on the 
right-hand pan to balance it 

(6) Next place the kilogram weight on the left pan, and, 
keeping the rider at the zero point, add British weights on 
the right until they balance the kilogram. Express your 
result in pounds and decimals 

(c) Carefully pour water from the graduated vessel into the 
quart measure until it is just filled Then add up the amount 
poured in. Or, fill the quart measure and empty the water 
into the graduate. Express the quart in c c. and also in litres. 
(1 1 = 1000 c.c.) 

**Experiment 13.—To study the construction and use of 
the vernier calliper. 

Apparatus. —Slide calliper, objects such as ball bearings, cylinders, 
glass plates, etc , whose dimensions are required. 
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s 

iiiliiiiliiitJiiiiimiliiitliiiiliiiihl 




A form of the vernier calliper is shown in Fig 12. The scale V on the 

sliding jaw is the vernier and its 
object IS to measuio fractions of a 
division of the scale jS Usually ?i 
divisions on the vcinicr aic equal 
to n — 1 divisions on the scale 
Suppose 10 vernier divisions are 
equal to 9 scale divisions, and that 
the latter aie millimetics Then 1 
division on the vernier is clearly 
Fig 12 — ^Vernier calliper 0 9 mm , and the ditYci cncc between 

one scale division and one vernier division is 0 1 mm In order to explain 
the action of the vernier, consider the enlarged image of the scale and ver- 
mer (Fig 13) The obj*ect to be measured is placed between the j*aws of 
the calhper. Suppose the zero on the vernier occupies the position shown 
in the figure. It is clear that the 
length AB is equal to 16 mm. -h 
a fraction of a milhmetre To 
find this fraction, look along the 
vermer and see where a line on 
it coincides with a line on the scale 


_ 11 1 ♦ 11 1 1 1 

|l ^ >a \2 c |3 

1 I 11 1 11 ill ill I 1 1 1 I 1 1 1 1 1 t 




Fig. 13.—Scale and vernier 

It IS seen that division 7 on the vernier 
coincides with the line c on the scale Then the fraction to bo measured, 
namely the distance aB, is equal to the dilTcrence between the 7 divisions 
of the scale in the space ac and the seven divisions of the vernier m the 
space BC. But the difference between one scale division and one vernier 
^vision is 0 1 mm. Hence the fractional part is 7 X 0 1 or 0.7 mm , and 
the entire space AB is therefore 16 7 mm or 1 67 cm. 

For any other vernier the method of calculation is similar 


Method —Place the object to be measured between the 
jaws of the calliper and adjust the sliding jaw until a light 
contact is obtained. Read the whole number of divisions 
which precede zero on the vernier. Then look for a division 
on the vernier which coincides with a scale division and add 
the corresponding decimal to the whole number already found. 

As a general rule, the average of several readings should 
be taken 


**Experiment 14.—To measure the diameters of several 
wires and identify the number on the gauge which expresses 
their diameters. 

Apparatus —Samples of wire of different diameters, micromotor gauge. 

The micrometer gauge (Fig 14) is very convenient for measuring the 
diameters of wires A is the end of an accurately made sci ew whush 
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works in a nut inside and can be moved back and forth by turning the 
cap C to which it is attached and which 
slips over D Upon D is a scale, which 
counts the number of revolutions of C, 
while the bevelled end of C is divided into 
a number of equal parts by which the 
fractions of a revolution are measured. 

By turning the cap the end A moves for- Fig 14 —Micrometer wire gauge 
ward until it reaches the stop J5, at which time the graduations on D and 
C should both read zero 

In order to measure the diameter of a wire, turn the cap C until the wire 
just slips between A and B Then by reading the graduations on D and 
C we find how far the end A has been drawn back from which is the 
thickness of the wire 

Suppose the pitch of the screw to be ^ mm Then when C revolves once, 
the end A moves through J mm Now if on C there are 60 divisions, it is 
evident that when it turns thiough one division the end A moves through 
X -g- * tto Such an instrument will measure to mm 

Sometimes the pitch of the screw is ^ inch and there are 25 divisions 
on the head C, in which case one division — ” xir W ii^ch. 

When making a measurement hold the cap C lightly and turn the screw 
until the wire is just grasped between A and B, The instrument must not 
be screwed up tight, as that would destroy the accuracy of the screw, and 
moreover the wire would be somewhat flattened 

Method ,—Measure each wire at five different places, and 
take the average Then compare your results with the sizes 
given in the following table and see to what number on this 
gauge the wires correspond.— 

Brown and Sharpe (American) Gauge 


No of Wire 

1 

2 

3 

4 

6 

6 

7 

8 

9 

lO 

Diam la mm 

7 35 

6 54 

6 S3 

5 19 

4 02 

4 12 

3 66 

3 26 

2 01 

2 59 

No of Wire 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Diani in mm 

2 30 

2 05 

1 83 

1 63 

1 46 

1 29 

1 15 

1 02 

91 

81 

No of Wire 

21 

22 

23 

1 24 

25 

26 

I 27 

28 

29 

30 

Dxam m mm 

72 

64 

67 

51 

45 

.40 

36 

32 

29 

> 25 
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**Experimeiit 15.—To find the relation between the force 
employed to stretch a coil-spring and the amount of the stretch 
produced: to test a spring-balance. 

Apparatus —A coil-spnng, weights, curve paper, spring-balance grad¬ 
uated in ounces or grams. 

A suitable spring may be made by winding spring brass wire (No 18 or 
20) on a round rod about 1 cm in diameter, the spring 
thus formed being 8 or 10 cm long A simple foirn of 
apparatus is shown in Fig 15 The stung at.tached to 
the lower end of the spring hangs parallel to and near 
the edge of a graduated scale S In the stung is a 
knot A which serves as an index 

Method —First remove the scale-pan P, 
place it on an ordinary balance (see Fig, 10) 
and add small shot or tacks until it weighs 
10 grams Itoplacc it and observe the posi¬ 
tion of the index A.^ which is the reading when 
the spring is stretched by a force of 10 grams. 
Add 10 grams and read the index again. 
Continue adding weights and reading the 
scale for each weight. 

Fia 16 —^Find the . 

relation between the Arrange your rcsults in a table, giving in 
dSced^® the 1st column the stretching force, in the 

2nd the reading on the scale, in the 3rd the 
amount of the stretch, and in the 4th the value's obtained 
on dividing the stretching force by the amount of stretch 
produced by it. 
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Next plot your results on a sheet of curve paper (Fig. 16). 
Represent the dif¬ 
ferent stretching 
forces by lengths 
along OX and the 
corresponding 
amounts of stretch g 

by distances along g 

OY. f 

What relation “ 
exists between the 
stretching force 
and the amount of Weight in grams 

stretch, produced — ^Representing results by means of a graph 

by it? 

In order to test the spring-balance hang on its hook the 
little pan and its load (10 grams in all). Then con¬ 
tinually add weights to the pan, noting in each case the read¬ 
ing on the scale of the balance. Enter in two columns the 
load on the pan and the corresponding leading on the balance, 
and thus determine what corrections, if any, should be made 
to the latter. If the balance reads in pounds or ounces the 
British weights should be used 

Experiment 16.—To study the lever. (Text-Book, §§ 39, 
67-69) 

Apparatus —Metre rod, hardwood pnsm or adjustable knife-edge to 
serve as a fulcrum, set of weights, spring-balance 

Method.—Lever of Class I. Place the fulcrum at the 50 

cm. mark on the rod (Figs. 
17, 18). If the rod does 
not balance, add bits of 
Fio 17.—lever of the first class, lead or plasticine to the 
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lighter end until it does. Put blocks under the ends to re¬ 
duce the vibration. 


_ J 

F 

a_ 

L r 1 I 1 

± L .i ,.r 

^ 1.L -L 1 1 1 



W ^ 


P 

□ □ 


Suspend a weight P by 
a loop of thread placed at 
some graduation, noting 
its distance from F. This 
distance is called the arm 

of the lever, and the product P X FP is called the moment 
of P about F. Move the weight W until it just balances P, 
and note the length FW. 


Fig 18 —A lover of the first class 


Make 5 or 6 experiments, changing the weights and arms, 
and tabulate the results as follows:— 


P 

Arm of P 

FP 

Moment of P 

P X FP 

W 

Arm of W 
FW 

Moment of W 

W X FW 








P 


Lever of Class II. Balance the rod and arrange the 

weight W as before, mak¬ 
ing the arm of W short 
enough to allow a spring- 
balance to be attached on 
the side of W remote from 
the fulcrum (Fig. 19). Note 
the distances of the weight 
and the spring-balance 
from F and observe the reading of the balance, when the 


f — f 


L 1 ■ 1 . 1 > 1 ■ [ 

I . . 1 . 1 

[) I 1 1 Ml 1 





Fig 19 — A lever of the second class 
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rod is horizontal. Take at least five different readings, 
varying W and FW and arrange the results in the table:— 



Arm op P 

FP 

Moment op P 

P X FP 

W 

Arm op W 
FW 

Moment op W 

W X FW 








Lever of Class III 



For a lever of the third class place a 
loop of fine wire or thread 
around the metre rod at its 
centre of gravity F (Fig. 
20), and fasten the loop to 
the table Then attach P 
and W so that P is between 
W and F, as shown. 

Arrange the results in a 
table as in the other cases. 


State the Law of the Lover, 


**Experiment 17,—To find the centre of gravity and the 
weight of a graduated rod* (Text-Book, §§ 57-69.) 

Apparatus —Graduated rod, prism and a weight. 


€ _ F 


7 ^ 


Method ,—Lay the rod on the edge of the prism (Fig. 21) 
and observe the graduation 

C where it balances. The -- 

centre of gravity is at this 

place. ISTcxt rest the rod 21 —Fmdmg tho centre of gravity of a 

on tho prism at another rod and its wght 

place in its length, and move a weight W along it until it 


w 

□ 









24 


MECHANICS OP SOLIDS 


balances again. If w is the weight of the rod, we have 
w CF W X WF, 
from which w can be found. 

Vary the weight W and the distance WF and obtain at 
least five results. Tabulate them and take the average of 
the values of w. 


*Experiinent 18.—^To investigate the law of the lever when 
the forces are not perpendicular to its length. (Text-Book, 
|§ 40, 41.) 

App-^iatus —Metre rod with holes drilled through it, pulleys and 
weights (or spring-balances) 


Method —^Drive a pin (a wire nail with its head removed) 
in a board on the table; over this lay a sheet of paper; on 

the pin thread a large bead 

A ^ n 

and also the metre rod, so 
that the pin passes through 
centre hole. The bead 

Pig 22 —A lever with forces not perpendicular Will keep the rod from the 

to Its length table and will allow it to 

turn freely in a horizontal plane. 



Attach strings to any points A, B (Pig. 22) of the rod, and 
let these pass over pulleys at the edge of the table, with 
weights P and Q on the ends of the strings. 

Mark on the paper the directions AM, BN of the strings 
and draw CM, CN, the perpendiculars from C upon these 
lines. Carefully measure the lengths of CM, CN. The 
moment of P about C is P X CM, that of Q is Q X CN. 

Take different values of P and Q, and tabulate results 
as before. Then state your conclusion. 

In place of weights over pulleys, spring-balances maybe used. 
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♦^Experiment 19.—To find the resultant of parallel forces. 
(Text-Book, § 42.) 

Apparatus —Metre rod, spring-balances, weight. 


Method —^Weigh the me¬ 
tre rod and find C, its cen¬ 
tre of gravity. Attach 
spring-balances by loops of 
thread placed at A and B 
(Fig 23). Suspend a weight 
W from the rod by a thread 
tied at C. 


f 

p, 

^ Q 

4 

.-4. 1 

Lilli 

j_j_i_j_i-l 1 1 _1 1 1 1 t iT. 1 

A 

w 

B 


Fig 23 —Finding the resultant of parallel 
forces. 


See that the rod is horizontal and take the readings Pi, 
Pz on the balances; measure also the distances Zi and Z 2 of 
the weight from Pi and Pz. Repeat for different positions of 
A and B. 


Since W is suspended from the centre of gravity of the rod, 
it is evident that wo can consider the total weight at C as 
being W + w where w is the weight of the rod. 

Tabulate the results as follows:— 


Px 

P2 

Pi 4- P 2 

W + xo 

Px X lx 

P 2 'X. h 








Also compare Pz X {h -f- 4) with (W -1- le) X h, t.e., take 
moments about A; and Pi X (Zi + 4) with {W + w) X 4, » e., 
take moments about B. 

State your conclusions. 


*Experiment 20.—^To find the resultant of two forces acting 
at a point (Parallelogram of Forces). (Text-Book, § 44.) 
Apparatus: —Spnng-balancea, small ring, cord. 

Method —Fasten three cords (fish-line) to a small ring, and 
hook spring-balances on the other ends of the cords (Fig. 24). 
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By means of pins in the top of the table, over which the rings 

of the balances may be placed, or in 
any other convenient way, exert force 
on the balances so that the cords are 
under considerable tension. The 
balances should move free of the 
table top. 

Pin a sheet of paper under the 
stnngs and mark a dot precisely at B, 
the centre of the ring; also make dots 
„ , ^ „ exactly under each string and as far 

Fig 24—Diagram illustrating , 

the parallelogram of forces irOIIl K aS pOSSI Die 



Read each balance. Then loosen them, and when they 
are lying on the table observe if the index returns to zero 
If it does not, a correction to the reading on the balance must 
be made. 


With great care draw lines from R through the points 
under the cords, and on these lines take distances pioportional 
to the tensions of the corresponding strings. Thus if the 
tensions be 1000,1500, 2000 grams, take lengths 10, 16, 20 cm. 
or 4, 6, 8 inches 

Using any two of these lines as adjacent sides, complete a 
parallelogram, taking care to have the opposite sides ac¬ 
curately parallel. Draw the diagonal between these adjacent 
sides and carefully measure its length. Compare it as to 
length and direction with the third line. 

State your conclusion. 


^Experiment 21.—To study the action of pulleys. (Text- 
Book, §§ 70-72.) 

Appabatos —Systems of pulleys as in Eigs 25, 20, 27 The pulleys 
should work with very httle friction. Aluminium pulleys are recom¬ 
mended. 
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Method. —Place a weight W on one pan (Fig 25), and on the 
other pan add weights P until TF just begins to move 
upward. If there were no fiiction P and W would 
be equal The friction = P — TF. 

Take 8 or 10 different values of W and determine 
the P in each case which will just cause W to rise. 
Arrange the results in a table with headings P, W, 
P —W. Also draw a curve, having the values of P 
for ordinates and the correspond- 
—Fmdthe values of W for abscissas 

relation 

between p What do voii concludc as to the 

and W 

ratio between P and W? 

Make similar expeiimcnts with the ar¬ 
rangements shown in Figs 26, 27 In these 
cases find the ratio between the distances 
moved through by P and W, also find, for 
different values of P and W, the value of Fig 20 fiq 27 
the ratio W/P — mechanical advantage. 

*Experiment 22.—To illustrate the principle of work by the 
inclined plane. (Text-Book, §§ 49, 51, 76.) 

Appahatus —As in Fig 28 

Method. —Set the inclined plane at an angle of 45°. The 
carriage W and the pulley should move with very little 
friction. Unless this is the case the experiment will not 
be satisfactory. Place a weight on W, and then add to 
P until W just moves up the plane. This can be done 
by attaching a pail to the string and using sand, water 
or shot to increase the weight. Let Pi be the weight 
in this case. Then lighten P until W just moves down the 
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plane; let P^ be the weight now. Take J (Pi + P 2 ) == P as 
the weight required to balance 
W if there were no friction. 

It is evident that when W 
passes from one end of the plane 
to the other it rises through a 
distance h, the height of the 
plane, and hence the work done 
is Wh; while P passes through a 

distance I, the length of the , 

plane, and so does work PI Hence PI = Wh, or P = Wj. 

Measure the distances h and I with a metre rod. 





Fig 28 —Show that PI =» Wh 


Use different values of W and different inclinations of the 
plane, and tabulate the results thus:— 


Pi 

Pi 

= K^+Pi) 

1 

PI 

w 

h 

Wh 










What conclusion can be drawn from this experiment? 


**Experimeiit 23.—^To investigate the laws of the pendulum. 

Apparatus —Pendulum consisting of a metal sphere suspended by a 
fine thread from a clamp as m Fig 29 (or in any other convenient way), 
watch. 


The length of the pendulum is the distance from the lower fac»e of the 
block to the centre of the bob The motion of the pen¬ 
dulum from its extreme position on either side back to 
that position again (^ e , a **double-swing”) is called an 
osaillation, and the time taken to make an oscillation 
called its period. The amplitude of the oscillation is the 
to^suspend^a®^'?^ distance from its middle, or lowest, point to its extreme 
dulum position. 



Method,—Firsts test whether a difference in the amplitude 
of the oscillation produces a change in the period. Use a 
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pendulum 150 cm. long, or oven longer, and have as heavy a 
bob as possible. Find, in seconds, the time it takes the 
pendulum to make twenty oscillations and deduce the period. 
(It is well for one student to observe the second hand of the 
watch while another counts the oscillations.) To determine 
the time with greater accuracy, a stop-watch may be used if 
available Start with various amplitudes, such as 10, 20, 
40, 60, 100 cm., and tabulate the results as follows — 


Trial 

No OP 
Oscillations 

Time 

Period 

Amplitude 

At Start 

At End 

1 






2 






3 





* 


What IS the effect of a large amplitude? 

Second, find the relation between the length of the pen¬ 
dulum and its period. Take pendulums with lengths 150, 
120, 100, 80, 60, 25, 10 cm. and find the period for each. 
For the shorter ones take the time for forty or fifty 
oscillations. Arrange the results in a table as below:— 


Trial 

Linoth op 

Period 

1 

Pendulum 1 

T 


1 

cm 

sec 



u 

(( 


2 



3 

it 

tt 







Now plot two curves. In one have length of pendulum as 
ordinate and period as abscissa. In the other use length of 
pendulum as ordinate and square of period as abscissa. 

Deduce from your curves the length of a pendulum whose 
period is 1 sec., 2 sec. 
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State the laws of the pendulum. 

It can be shown that if = acceleration due to gravity, 
I = length of pendulum and T = its period, then g = 

From the last column in the second table above deduce the 
values of g, 

♦Experiment 24.—^To study motion with uniform accelera¬ 
tion. (Text-Book, §§ 21, 22 ) 

Appabatvs- —That shown m Fig. 30 It consists of a board .5 or 6 ft 
long with an accurately made cylindrical groove (radius = 4 m ) The 



Fig 30 —Apparatus for studying uniformly accelerated niot'on 

surface should be painted black and polished smooth Near one end si 
metal strip at right angles to the length of the boaid projects out to the 
middle of the groove. A steel or brass sphere, 1 to I 4 inches in diameter 
IS required. 

Method —First lay the board on the floor or on a tabic, 
and let the sphere oscillate across the groove. Count the 
time for a large number of oscillations and deduce the period 
of a single one. 

Now scatter lycopodium powder on the groove. This can 
be done through 4 or 5 thicknesses of muslin. Then raise 
one end of the board about 8 in , and, placing the sphere at 
one side of the groove and next the metal strip, lot it go. 
It oscUlates across the groove and at the same time runs down 
the board, and the metal strip causes it to start with no 
velocity down the groove. 

Blow off the powder, and there will bo loft a curve like that 
in the figure. With a metre rod measure the distances AB, 



ACCELEEATION DUE TO GBAVITY 


31 


AC, AD, .... along the middle of the groove. If 2t is the 
time of an oscillation, the times required to travel these dis¬ 
tances are t, 2t, Zt, 4i, . . Tabulate your observations as 

follows:— 


Dibtancf. 

Timk 

Distance 

(time)-* 

cm 

sec 



44 



44 

*4 



The numbers in the last column are equal to -J- a, where a = 
acceleration. (^ = i Text>Book, § 21.) 

Find the acceleration, with at least two inclinations. 

Draw a curve having distance travelled as ordinates and 
the squares of the times required to travel the corresponding 
spaces as abscissas. 

♦Experiment 25.—To find the acceleration due to gravity. 
(Text-Book, § 23 ) 

Apparatus —The apparatus is shown, in Fig 31 P is a straight 
wooden lod about 4 ft long, IJm wide and 4 in thick, pivoted on a 
pin 7 > in a board B fastened to the wall (A piece of metal tubing can 
be inserted in the rod to rest on a knife-edge made by filing a nail 
driven in the board) A metal ball h is attached to a thread, which 
passes over the smooth-running pulley C S is another “fnctionless^’ 
pulley. 

Method —Let the rod hang vertically, and see that the 
ball hangs just clear of the rod at the top, C should be 
mounted to allow for this. Then lower the ball and find 
if it hangs just free of the rod near the bottom. By turn¬ 
ing the small piece of wood d, this latter adjustment can be 
made. 
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Cover about 20 cm. of 



Repeat the experiment at 
average value of g. 


s right-hand face of the rod 
with white paper and by 
means of rubber bands fasten 
carbon paper over this with 
the ink face inwards Then 
pass the thread over S and 
tie it to a screw-eye m the 
rod so that the ball is opposite 
the line on jB and the rod is 
pulled aside as in the diagram. 

Burn the thiead near C, 
thus releasing b and P at the 
same time. As the peiululuin 
passes thiough the vertical 
position it stiikcs the ball and 
a mark is made on the white 
paper. Measure the distance 
S from the top of this mark 
to the line drawn on B. 

Next pull the rod aside and 
let it swing. Take the time 
for twenty complete swings 
and calculate the period. 

Then s = ^ gt^, where t is 
one-quarter of the period of 
the pendulum. 

least three times and find the 


♦♦Experiment 26.—^To find the coefficient of friction between 
pine and pine. (Text-Book, §§ 62-64.) 


rwn 

jMtn 


Apparatus —As shown m Fig 
32, The apparatus used in Ex¬ 
periment 22 may be employed for 
this purpose 

.T 7 TTr *1 'Ll 1 Fig 32 —^Arrangomont forfind- 

Method ,—W eigtl tne DlOCJfc wg the coefficient o! fnetiou be- 
‘Ti’L-xj. tween the block ilsT iind the board 
let it be W, Jtiub it to on which it rcats In place of the 
, « . , .1 ^ weight over a pulley a eprlug- 

and fro vigorously on the balance may bo used, 



HOBSE-POWEB OP A MOTOB 


33 


supporting board. Then, place a weight W on it. Place a 
small weight in the scale-pan and add others in succession 
until uniform motion takes place. Gently tap the board 
each time a weight is added to the scale-pan. Note the 
total force F producing the motion Then 

F 

Coefficient of friction = rrr—^-• 

W w 

Try various weights and make many experiments. Hav¬ 
ing obtained a value of the coefficient for each weight tried, 
draw a curve using the values of the total weight TF -+- ty as 
ordinates, and those of F, the force exerted, as abscissas. 

Arrange the results in a table, having as headings of the 

F 

columns, W + w, F and - 

W + w 

**Experiment 27.—^To find the horse-power developed by a 
water motor and to test its eflo^ciency. (Text-Book, § 56.) 

Apparatus. —Small water motor, 
two spring-balances (0-2000 gm ), 
piece of cord or sewing-machine belt 
to act as brake, supports for bal¬ 
ances, pressure gauge, laige vessel 
to catch water, revolution countei 

Method. —Arrange the ap¬ 
paratus as in Fig 33. Adjust 
the balances to icad about 
300 gin. Turn on the water 
and note the reading of the 
gauge and of the two spring- 
balances. Note also the num¬ 
ber of revolutions the motor 
makes in 30 see , and from 
this calculate the number of 
revolutions per second. Meas¬ 
ure the circumference of the 
pulley and also the number 
of c.c. of water which pass 
through the motor in a given 
time (say five minutes). 
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Calculate the horse-power developed and the cfHciency as 
in the following numerical example:— 


Horse-'power 

Reading of 1st balance 550 gm. 

Reading of 2nd balance 50 gin 

Force of friction . . 500 gin 

Revolutions per second 25 

Circumference of pulley 20 cm 


Work done per second = F X aS 

_ 500 X 98 0_X _ 24.5 joules. 

10 ' 


Power ~ 24 5 watts = 


2A 5 
74(> 



(approx ) 


Efjuyiency 

Output — 24 5 joules per sec. 


Input. 

Reading of gauge .. 2000 gm. per sq cm 

Volume of water per sec. 400 c c 

Energy supplied by water = P X V 


2000 X 980 X 400 
10 ’ 


— 78.4 joules per sec. 


Efficiency 


24 5 
78 4 


X 100% 


31.2% 


Find the h p. and the efficiency of the motor when iinder 
different loads. Note the speed at which it develops its 
maximum horse-power. 



Part III.— Mechanics of Fluids and Surface Tension 


*Experiment 28.—^To prove that in a liquid at rest under 
gravity the pressure exerted is proportional to the depth, is 
the same in all directions and is independent of the mass of 
liquid used. (Text-Book, §§ 84, 85 ) 

Apparatus —The pressure gauge consists of a small glass funnel (or 

thistleAuhe) A (Fig 34), over which is 
tied thin sheet rubber, such as dentists 
use A rubber tube D connects the 
funnel to a U-shaped glass tube F, of 
small bore, in which is coloured water 
or aniline oil which acts as a mano¬ 
meter (or pressuie measurer). An in¬ 
crease of pressure on the sheet rubber 
forces it inwards and this will cause a 
difference in the levels of the hquid in 
the manometer, the amount of which 
can be measured The thistle-tube is 
fastened to the lower end of a metre 
stick in such a way that it can turn 
about a horizontal axis in the plane of 
the rubber In this way the rubber 
sheet may be made to face any direc¬ 
tion 

Method .—Lower the funnel into the water (which should 
be at the same temperature as the room) until 10 cm. below 
the surface. Note the depth and observe the difference in 
the levels of the liquid in the manometer. By means of a 
wire attached to the funnel turn it so that it faces in differ¬ 
ent directions, and observe any change in the manometer 
Be careful not to kink the tube. 

Lower the funnel 10 cm further; note the depth and the 
difference in the levels. Rotate as before and observe the 
manometer reading. Continue this until the bottom of the 
vessel is reached. 
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Next, use a vessel of smaller cross-section and repeat the 
operations. 

Tabulate the results in each case. Draw a curve in which 
ordinates represent depths of the rubber sheet and abscissas 
represent differences in the levels in the manometer. 

What general laws do you infer regarding the pressure 
exerted by a liquid? 


Experiment 29.—To find the loss of weight of a solid when 
immersed in a liquid. (Illustration of Archimedes’ Principle.) 
(Text-Book, § 89 ) 

ApPAKATtrs —^Balance, overflow can, catch-buckct or beaker, piece of 
stone or iron. 

Method —By moans of a fine thread 
suspend tho stone or iron from one end 
of the balance, and find its weight. Then 
surround tho body with water, as in Fig 
35, and weigh again Subtract these 
two weights to find tho buoyant force. 

Next, lower the body into an overflow 
can (Pig 7, page 11), and catch the 
overflow in the bucket or 
beaker whoso weight has been 
carefully determined. Wi'igh 
again, and by subtraction find 
the weight of the water dis¬ 
placed by tho body. 



Fig 35 —Findinj! the ap- 

E areixt loss m weisht when a 
ody 18 immersed in a liquid 



Compare the buoyant force with tho weight 
of the water displaced. 

Instead of the overflow vessel a graduated tuiie 
(Pig. 36) may be used to determine the weight of Fkj se — 
the displaced water. The volume of tho watiT 
displaced is read from the graduation.s, and the by 
mass detei-mmed by multiplying this volume by tho density 
of water. 
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If time permits, repeat the experiment, using gasoline or 
salt solution instead of water 

State your conclusion in general terms. 

Experiment 30.—^By means of the balance to find the 
specific gravity of a heavy body. (Text-Book, § 91.) 

Apparatus: —Balance used in Experiment 29, a piece of iron, alumini¬ 
um or glass. 

Method. —Suspend the body from an arm of the balance 
and weigh it in air. Then weigh it when immersed in water. 
Find the loss in weight. This is equal to the weight of a 
volume of water equal to the volume of the body. 

^ . weight in air 

Then specific gravity - foss of weight in water' 

Be careful to remove air-bubbles. What effect will they 
have ? 

If the tomperatui e of the water rises, what will be the 
effect on the result you obtain 

Experiment 31.—To find the specific gravity of a body 
which will float in water. (Text-Book, § 92 ) 

Apparatus —Balance, overflow can, graduate, block of wood or of 
paraflSn wax, piece of lead to act as sinker 

Method I —Weigh the wood. Then by means of a pm press 
the wood down into the water in an overflow vessel until it 
is entirely submerged Catch the water and weigh it. This 
is the weight of the water displaced by the wood, which, 
divided into the weight of the wood in air, gives the specific 
gravity. 

Method II. —Instead of using the balance, place a grad¬ 
uate under the spout of the overflow vessel. Carefully lay 
the wood on the water in the vessel and observe the overflow 
into the graduate. Suppose it is a; c.c., its weight and also the 
weight of the wood is x grams. (Principle of Flotation) 
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Now press the wood down until entirely submerged, catching 
the water as before. Suppose the water displaced is y c.c , 
which weighs y grams. 

Then the specific gravity = x -i- y. 



Fig 37 —Using a sinker to find 
the specific gravity of wood 


Method III. —1st Weigh the body 
m air. Let this be m grams. 

2nd Attach a sinker and weigh 
both, with the sinker only in water, 
(Fig 37.) Let this bo Wi grams. 
3rd. Weigh both, loith both in water 
Let this be nh grams. 

Now the only diffi'rence between 
the second and third operations is 
that in the former case the body 
is weighed in air, in the latter in 


water. The sinker is in the water in both cases. 


Hence mi — ms = buoyancy of the water on the body, 

and the specific gravity = - — - 

^ ^ mi — ms 

Compare the results obtained by the three methods. 

If a block of wood is used it should be dipped in hot 
paraffin. Why^ 


Experiment 32.—To find the specific gravity of a liquid by 
weighing a solid first in water and then in the liquid. (Text¬ 
book, § 94.) 

Appakatus —Balance, beaker, piece of glass or iron, alcohol, concen¬ 
trated salt solution or gasoline 

Method .—First weigh the solid in air, then in water and 
then in the hquid. Let the weights be Wi, Ws, Ws, respectively. 
Then wi — vh => weight of a volume of water equal to that of the solid, 
and v)i — W 3 = weight of a volume of tho liquid equal to that of the aolid. 

Hence the specific gravity 
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♦Experiment 33.—To compare the densities of two liquids 
which do not mix (water and oil). 

Apparatus —Use a U-tube, mounted as shown in 
Fig. 38 

If the glass tubing is not more than J or g inch in 
diameter it may be bent in an ordinary fiat gas-flame, 
and in place of a bent glass tube two straight pieces 
can be connected by a piece of lubber tubing securely 
bound on 

Method —Pour water (through a funnel) in¬ 
to one limb of the tube until both limbs are 
about one-third full. Then slowly pour in 
oil until the surface of separation B, between 
the oil and the water, is nearly down to the 
bend of the tube 

Let A be the free sxirfaco of the oil and D that of the water 
It is evident that the height AB of oil balances the height 
CD of water, and so 

AB X density of oil = CD X density of water, 

CD 

or density of oil = X density of water 

If the glass tubing is small some allowance should be made 
for capillarity Hold pieces of the tubing in water and in oil 
and observe how far the liquids rise by capillary action. 
Measure this in millimetres and subtract from the height of 
the liquid. It is bettor to use a tube with internal diameter 
not less than g inch, and thus avoid any correction for 
capillarity. 

Turpentine or mercury may be used in place of the oil, but 
the latter is not so satisfactory. Why'J* 

What would bo the effect of having one limb of the tube 
larger than the other? 




Fig 38 —U-tube 
to compare densities 
of liquids 
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••‘Experiment 34.—To compare, by means of balancing 
columns, the densities of two liquids which mix. 

Apparatus —Suitable' liquids to compare are water 
and a solution of copper sulphate or of common salt. 
The apparatus IS illustiatod m Fig 35) The upright 
glass tubes are joined by rubber tubing to a 3-way 
glass tube, and the rubber tube B can be clo.sed by a 
pmch-cock F. 

Method —Fill one tumbler wii.h water and 
the other with the copper sulphate (or other) 
solution and record the height to which each 
liquid rises by capillary action, the pmch-cock 
being open. 

Apply the lips to the tube E and draw out 
some of the air, thus allowing the pro.ssure 
of the air outside to force the liquids into the 
tubes When the lighter one reaches nearly 
Fio 39-Compan- to the top of tho glass tube, pinch the 

son of densities by i , i • i 

baianorng columns rubber tubc and close the pmch-cock 
Watch the columns to make .sure that there 
is no falling in the surfaces through the connections not be¬ 
ing tight. (Moisten the connections occasionally with a little 
glycerine to keep them air-tight.) When sure that tho 
columns are steady, measure the heights A B, CD of the sur¬ 
faces of the liquid columns above tho liquid in tho tumblers, 
and deduct from these the heights to which tho liquids rose 
by capillary action. 

Let water be in the right tube and copper sulphate solution 
in the left. 

Then CD X density of solution = AK X dciiHity of wntcr, 
or density of solution = X density of water. 
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Experiment 3S.— ^To find the weight of a litre of air. (Text¬ 
book, § 96.) 

Appabatos —A burned-out sixtv-watt electric light bulb; balance, 
shaip threo-coinered file, ovei- 
flow can and graduate. 

Method —Weigh the bulb 
carefully to the second 
decimal place in grams. 

(Weigh to the third place if 
the balance is sensitive 
enough.) Then, using the 
file, with a firm pressure 
cut a hole in the bulb near 
the brass base, (Fig 40). 
been lost and weigh again carefully Subtract the weights, and 
thus find the weight of the air which has rushed into the bulb. 
Next, iinineise the bulb as far as the brass base in the over¬ 
flow can and catch in the graduate the water which is dis¬ 
placed. Read the volume m c c. Tliis will be very nearly 
the volume of the an in the bulb 

Calculate the weight of one litre of air. 

The above metliod will n(jt give very accurate results. 
Name some sources of eiior Can you suggest a more accurate 
method using more complicated apparatus? 



Fia 40 —^Filing bulb to allow air to enter 

Make sure that no glass has 


Experiment 36.—To measure the pressure of the gas in 
the city mains, or in a vessel into which air is pumped. 


ti 


Fia 41.“—Metis- 
uniiff the pressuro 
of the iKtis 


Ai*p \RATUh —U-tube ns shown in Fig 41 
Method —Pour water (coloured, if desired, 
with a little aniline dye) into one end of the tube. 
It will take, of course, the same height in each 
arm. Measure this height above the base. 
What IS tlie pressure on each surface now ? 

Attacdi one end A of the tube, by means of a 
rubber tube, to a gas-tap, and turn on the gas. 
The column of water in A will be depressed, 
that in B raised. Read the height of each 
column ami deduce the difference in the levels. 
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It is evident that the pressure of the gas at F is equal to 
the pressure of the atmosphere + that due to a column CE 
of water. 

Calculate this latter pressure in grams per square cm. 

Would this height be changed if the diameter of the tube 
were increased? 

If a city gas supply is not available, measure the pressure 
in a bottle into which air is forced by a bicy(ile pump attached 
to the rubber tube A (Figure 42) which is 
attached to a glass tube pas.sing through 
the stopper. 

Find the difference in level jiroduced by 
one full stroke of the pump, then by two, 
three, four, etc , strokes, a pinch-cock C 
being used to prevent the air fioin escap¬ 
ing. 

Instead of glass tube and pinch-cock a 
bicyclo tire valve may be pas.«cd through 

ma1.otao the cork 

If alcohol or mercury had been u.sed instead of water, what 
would have been the difference in the levels? 

*Experiment 37.—To measure the pressure exerted by the 
atmosphere. (Text-Book, §§ 98, 103 ) 

Apparatus — A. heavy glass tube about 80 cm long, closcil nt one end 
(the internal diameter of the tube should bo at least i mch); meicury, 
dish. 

Method —Pour mercury into the tube until it is nearly 
filled. Hold the finger over the open end and invert the tube 
several times in order to collect the air bubbles.* Then com¬ 
plete the filling of the tube, hold the fingcu- over the open 
end and invert the tube, placing the opiui (m<l uudi^r the sur- 

♦The air cannot bo fully eliminated without boiling tho moroury m tho tube, and to 
do this requires special apparatus. 
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face of mercury in a dish Support the tube in a vertical 
position and measure the height of the mercury in the 
tube above that in the dish A 

(Fig. 43). Let it be h cm. I 

Now the pressure exerted by a liquid / jk { 11 

depends only on its depth Suppose J _IJ 

the section of the tube to be one sq 
cm Then thcie would be /i c c of 

meicuiy in the tube, and the weight ■ 

of this IS the piessuie on Isq cm , and I 

as this IS just balanced by the pi essuie I 

of the atmosphei e, this is the atmos- I 

phene pressure lequiicd I 

1 c c of mercuiy weighs 13 6 grams I 

and hence the atmosphei ic pi essure = I 

13 6 X /i grams pei sq cm I 

Find the pressure in grams _ 

per sq. cm. and also calculate it 
m pounds per sq. in (See table, 

page 153) 43 —Measuring the pressure of the 

atmosphere 

]f| 

Experiment 38.—^To find the way in which the 
volume of a given mass of gas changes when its 
2 $ pressure is changed, the temperature being kept 

constant (Boyle’s Law). (Text-Book, § 110 ) 

'1 I I Appabatus —Obtain a piece of glass tubing about 1 metre 

f I I long with a small bore (not moie than 1 mm ) By suction 

j I I diaw into the tube enough mercury to fill about one-third of 

i I I ils length, taking care not to allow any moisture to enter 

Then hold the tube honzontally, with the mercury column 
j midway between the ends 

y II -- with a 

blow pipe or by using 

Eiq 44,—Three positions of a tube with air in it for seahnir-wax 
verifying Boyle’s I^aw ® 

Method —Read the barometer carefully. Then lay the tube 
horizontally on the table and measure the length of the 
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imprisoned air and also the length of tlic mercury column. 
Repeat the readings when the tube is in a vertical position 
with the open end up and also wlien tlic open end is down 
(Fig. 44). 

If p is the height of the barometer and I is tlui length of 
the mercury column in the tube, the presHur<‘ in the iirst case 
is p, in the second case p+ly and in the tliird case Also 

if the tube is of uniform cross-section the volume of the in¬ 
closed air is proportional to its length, and consefpituitly tlie 
number representing the length can be uso<l io n^prcstuit the 
volume also. 


Results may be tabulated as follows • 


Position 

Volume, V 

PUJ SSUUI , /* 

Puoi>nc r, /* ' V 

1 

= 

p =» 


2 

V, « 



3 

Vn - 

p 1 ^ 



What conclusion can you draw from the t‘\pci iment*? 


^Ejcperiment 39.—To find the way in which the volume of 
a given mass of gas changes when its pressure is changed, 
the temperature being kept constant, that is, to verify Boyle’s 
Law (second method). (Text-Book, § 110.) 

Apparatus, —The appai’atus is shown m 45 ‘‘Pwo talus, .1 
and B, are supported in such a way that either may lu* or lowered 

The upper end of A is closed, that of li is o])en, and tiieir lower eiuLs 
are jomed by a heavy lubber tube secuiely wired to the ^Ifins Thc» i uhluT 
tube and part of A and Ji aie filled with mercury When the Jnereurv 
IS at the same level in both glass tubes -4 shouhl bt‘ alamt half-full 
of dry air This is most easily o(Tected by lauvuling the upper end of 
A with a stop-cock, which can be kept air-tiglit by (he iippliealion of a 
little vasehne The tube A is of uniform bore and tlu^ volume of the 
air may be taken proportional to the length of (he tulie occupied by it, this 
being obtained from the scale against which it is placed. Wlien the mercuiry 
is at the same level in both tubes the air is undtT tlics pri^ssuro of one 
atmosphere, that is, the pressure shown by the barometer. If B is 
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lowered, the mercury stands higher in A than it does in B and the pres¬ 
sure exerted on the impiisoned air is the baiometno height — the 
difference between the levels of the mercury m the two tubes When 



Fig 45 —Boyle’s 
La-w apparatus A, 
closed tube , J3, open 
tube 


the level of B is above that of A the pressure on the 
impnsoned air IS the barometric height + the differ¬ 
ence in level 

The tube A should not be handled for fear of 
raising the temperatuie of the inclosed air. For the 
same reason the air should not be compressed or 
expanded quickly. 

Method ,—Read tlie barometer and record 
its lieight in cm of merciuy Note the length 
of the air column in A when the mercury 
is at the same level in both tubes 

Next, lower J? slowly as far as it will go. 
Then take the levels of tlie mercury in the 
two tubes and calculate the pressure on the 
air in A Record also the new length of 
the air column 

Now laise B a few cm and take the read¬ 
ings again Continue this until B is as high 
as it can go 

Tabulate youi results as follows — 
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Draw a curve having the values of P for <»r<liniites and 
those of V for abscissas. 

State your conclusion. 


♦♦Experiment 40.—To find the surface tension of a soap 
solution. (Text-Book, § 152 ) 

Appabatus —Balance, foik-shapod pioce.s of wijo wiUi ])arallel prongs 
about 6, 8 and 10 cm apart (a, Fig. 4()), sUouk M»np nolutum 

with some glycerine added, bcak(T, rule. 


Method .—Measure the distance between the prongs of the 

fork ciu-ofully and tlieu suspend it 



from one arm of the balance. Place 
the beaker of soap solution under 
the fork so that the cioss-bar of 
the fork is about onc-lialf centi¬ 
metre above the li<|uid when the 
beam is horizontal (Fig. 46). 

Raise tlie beaker in order to wet 
the fork, then lowt»r it, break tlie 
film and weigh carefully 


Fig 46—Measuring the surface 
tension of a soap solution 


Repeat tlie operation witliout 
bi’eakmgtho film and weigh again 


Subtract the weights to find the pull exerted by the him 
Reduce this to dynes (1 gram = 980 dynes) and divide the 
force in dynes by twice the distance between tlie prongs 
(because of the two surfaces of the film), ’'riiis gives the 
surface tension in dynes per centimetre length of film. 


Repeat the experiment with different sized forks and also 
with distilled and tap water if time poi’mits. When using 
water, it is more diflS.cult to get the film to last long enough 
to make the weighing, but a little patience will jiroduce very 
good results. 
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**Experiment 41.—To compare the surface 
different liquids. 

Apparatus —^Piecc of fine-bore capillary tubing, beak¬ 
er, rule, water, alcohol, etc 

Method —Place the lower end of the capillary 
tube in distilled water in the beaker and measure 
the distance to which the water rises in the tube 
above the level of the water in the beaker (Fig. 
47). In doing this apply the mouth to the upper 
end o£ the tube and draw the water up until 
it rises nearly to the top and then allow it to 
settle to its final position 


tensions of 



Wash the tube out well with the next liquid 
to be used and repeat the measurement 


Fid 47—Com¬ 
paring: the sur¬ 
face tensions of 
different liquids 


Then if hi is the height for water and di its density 

and 7i2 is the height foi the second liquid and its density, 

the surface tension of the liquid = ^^777^ ^ surface tension of water 
The surface tension of distilled water is about 81 dynes per 
cm. length 

Assuming this, find the sin face tensions of the soap solu¬ 
tion and tap water and alcohol 







Part IV— Sound 


^Experiment 42 —To study the origin of sound. (Text- 
Book, §§ 158, 159.) 

Apparatus —Strip of steeU clamp or vice, Ixll, pith-bnll, tumng-fork, 
rubber stopper, whistle, coik, glass tube about 1 in in iliameter and 10 
in. long 

Method. —1. Clamp a knitting-ncocllo or a narrow strip 
of steel in a vice so that about 15 cm. projects Draw the 
free end aside and let it go. A low, dec^p note is omitted, 
and you can see that the end of the noiullo is vibrating. 
Touch the tip of your finger to it; contact with the finger 
stops the vibration and at the same time thtj souml ceases 
Shorten the projecting portion and examine the motion again. 
What difference do you observe in the nature of tlic vibration 
and of the note? Do you observe any ndation between the 
loudness of the sound and the amplitude of th<5 vibrations? 
Do you detect any relation between the lengt h of the vibrat¬ 
ing strip, the frequency of the vibrations and the pitch of 
the note‘s 

2. Cause a bell to sound by striking it with a pencil or a 
bit of wood, and while it is sounding hold a pith-ball (or 
other light object) on the end of a thread so that it rests 
lightly against the rim of the bell. What result do you ob¬ 
serve? Explore all around the rim with the pith-ball. Is 
the action the same at all points? 

3. Sound a tuning-fork by striking it with a soft rubber 
stopper on the end of a stick. Touch the suspondc<l pith-ball 
to different parts of the sounding fork. Touch the prongs to 
the surface of water. Hold the stem of the vibrating fork on 
a board (the top of a table). Why is the sound louder? 

4. Cut off the mouth-eixd of a common wooden or metal 
whistle about midway between the first and second holes, 
and insert it tightly through a cork in one end of a glass tube. 
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Into the tube put some powder made by rubbing a baked cork 
on a file or on sandpaper Then close the end of the tube. 
Now hold the tube in a hoiizontal position and blow the 
whistle. Describe the behaviour of the powder. What do 
you conclude as to the condition of the air when the whistle 
is sounding? How can you show that the sound does not 
come from vibrations of the substance composing the whistle 
or the tube? 

*Experimen.t. 43 —^To determine the velocity of sound in air 
by means of a stop-watch and a gun. (Text-Book, § 163.) 

Apparatus —Two observers are required, one provided with a gun, 
the other with a stop-watch. 

Method —On a quiet day let the two observers take posi¬ 
tions about a mile apart, each in full view of the other. When 
ready the one with the gun waves a flag—or if at night, a lan¬ 
tern—to call the other’s attention He then fires the gun 
Immediately on seeing the flash or the smoko the observer 
with the watch starts it, and on heaiing the report he stops it 
again. The time thus recoided is the time required for the 
sound to travel the distance between the observers. (The 
time requited for the light to tiavel this distance is neglected 
as it is so excessively short) If a stop-watch is not available 
an ordinary one may be used but it is not nearly so satisfac¬ 
tory Calculate the velocity per second. For convenience 
the one with the watch should have a flag or a lantern too. 

Make as many observations as possible and take the aver¬ 
age. If in the countiy, the distance may be found from con¬ 
cession or side-lines; if in a town, a map of the place may be 
consulted. 

If a breeze is blowing, the observers should interchange 
positions and thus obtain the velocity in each direction. The 
mean of those results may be taken as the velocity in still air. 

Take the temperature of the air at the time, and, assuming 
that the velocity decreases 60 cm. or 2 ft for a fall of 1° C., 
calculate the velocity at the freezing-point. 
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Experiment 44.—^To find the wave-length of a sound and 
the velocity of sound in air by resonance. (I’kxt-Book, §§ 
199-201.) 

Appahatos. —Tuning-fork of known frequency, glu.sa oi buish tube 
about 3 cm. in diameter and 40 cm. long, tube of the wirin' longtb which 
will just slide inside the other, tall glass jar conlairung water, metro stick 

Method —Immerse one oiul of eithi'i- tube 
in the water, sot the tuning-fork vibrating 
and hold it over the open oiul a.s .shown 
in Fig 48. Then move the tube up and 
down in the water (keeping the fork close to 
it) until the sound reaches it.s maximum in¬ 
tensity The column of air in the tube is 
now in resonance with the fork. 

Measure the length of the uii'-column The 
length giving resonance with the fork u.sed is 
approximately ono-fourth of the wave-length 
of the sound produced by the fork. (St rictly, 
this length depends somewhat on the diain- 
eter of the tube To obtain the quaitoi- 
vdoerty of sound. wave-lcngth with greater accuracy add 2/5 

of the diameter of the tube to the length of the column ) 

Repeat the experiment at least three timi'.s and calculate 
the average wave-length. Then find the velocity of seiiinl 
in air by multiplying the wave-length by the frequency of 
the fork (v = nl). 

If forks of other frequencies are available, comjiare the re¬ 
sults obtained by using diffcient forks. If a tall jar i.s not at 
hand, the experiment may bo performed by iiisf'rting a well¬ 
fitting piston in the tube. 

Next, place one tube inside the other an<l hold a vibrating 
fork near one end of the telescoping tube, whih' th<‘ othi'r end 
is left open. Vary the length until 1,ho maximum sound is 
heard. Measure the length anil multiply by 2 f.o obtain the 
wave-length. Compare this with the former ri'sult. 
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♦Experiment 4S.—To find the velocity of sound in glass or 
in metal by Kundt’s Method. (Text-Book, § 176 ) 


Apparatus —The apparatus consists of a glass tube 1 m or more in 
length and 3 or 4 cm m diameter, held on a base It is closed at one end 
by a tightly-fitting piston A, and m the other end is a loose piston B, 
made from a thin cork cemented to the end of a long glass (or metal) rod 







I?' 
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Fig. 49 —^Apparatus for finding the velocity of sound in a solid 


or tube 1 cm. or less in diameter The rod is securely clamped at its middle 
C. Soft cotton cord may be wiapped about the circumference of the cork 
piston in Older to fit the tube snugly and still move with no appreciable 
friction against the wall of the tube 


Method .—Distribute evenly in the large tube a little cork- 
dust made by rubbing a baked cork against a idle or sand¬ 
paper. Then excite longitudinal vibrations in the glass rod 
by gently stroking it fiom the centre towards the free end 
with a damp cotton cloth. A little practice will enable one 
to produce a clear high note Be very careful not to break 
the rod. 


Adjust the position of the piston A until, when the rod is 
rubbed, the cork-dust is violently agitated and settles into 
parallel iidgos with unifoim spaces between. Unless 
the adjustment is exact the end iidges will not be perfect. 
The dust gathers at the nodes, where the agitation is least, 
and the loops aic half-way between. The distance between 
successive nodal lines is onc-half the length of the sound-wave 
in air Measure with a metre rod the distance between two 
well separated nodes, and divide by the number of node-to- 
nodc spaces in thiKS distance. Multiply the result by 2 to 
find the wave-length of the sound in air. 

With a thermometer take the temperature of the air in the 
neighbourhood of tho glass tube. Let it bo Then the 

velocity in air == 332 + OM m. per second. (Text-Book, 
§ 163.) 
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Calculate this velocity and divide it by the wave-length of 
the sound in air to obtain the frequency of the note {v-nl) 
As the rod is clamped at the middle the length of the rod 
is one-half of the wave-length of the sound in glass, and 
hence the wave-length in glass is equal to twice the length 
of the rod. Find this wave-length. 

Finally, multiply the wave-length of the sound in glass by the 
frequency of the note to obtain the velocity of sound in glass, 
]^oTE —A glass rod is easiest to vibrato but it breaks ea,sily. Inst.cad of 
It a rod of brass or of wood may be used. Those (‘lui bo i)Ut. m vibr.it ion by 
sticking with leather covered with powdcicd losin A initlcn ftu*cd with 
chamois answers very well 


♦Experiment 46.—To find the vibration-frequency of a 
tuning-fork. 

Appabatus* —The apparatus (Fig. 50) consists of a huge tuning-fork 
with a light aluminium or brass style, or a bristle, atlaclu'd to one piong, 

a])cn(Iulumwhieli beats 
approMinal (‘1 y quai ior- 
scieonds wnth a style 
extinuhng below the 
bob (which should he 
h(*avy), and a piece of 
smoked (or whitened) 
glass, about 10\ 30 em , 
on a cai i lagi* wduch eau 
be diawn along under 
tho two stvl(\s I'lio 
glass may be smoked 
by holding it ovei a 
lamp-flani(', with tho 
chimney removed, or even over a candle; it is mu<di eleancT, however, to 
coat it with a mixture of whiting in alcohol or of ^‘Bon Ami.'' 



Method ,—Adjust the height of the pendulum bo that the 
style barely touches the coated surface of tho glass. Then 
carefully adjust the tuning-fork so that its stylo b<Mirs lightly 
on the glass, and when vibrated makes a stroke on the glass 
parallel to the pendulum's motion across the glass. Jioth 
motions should also be at right angles to tho direction of 
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motion of the glass when pulled along on its carriage. The 
two styles when at rest should be as near together as 
practicable. 


Set the tuning-fork in vibration by bowing it When it is 
going properly draw the pendulum aside and let it swing, and 
then quickly draw the glass sA B C 

along beneath the styles. The 

writing on the glass will be like tun.ng-foik and 

Fig. 51 Between A and B or B the pendulum 

and C is a single swing of the pendulum. Count the number 
of vibrations of the fork between the first and the last swing 
of the pendulum recorded on the glass. Next, count the 
number of vibrations of the pendulum pei minute and deduce 
the time of a single one. Then calculate the number of com¬ 


plete (t e , to-and-fro) vibrations of the tuning-fork in one 
second 


^Experiment 47.—^To determine the vibration-frequency of 
a tuning-fork (or stretched string, organ-pipe, etc.) (Text- 
Book, § 184.) 


Apparatus —Metal disc with several concentric circles of holes drilled 


through it, rotator (prefoi- 
ably motor driven), ievolu¬ 
tion counter, tuning-fork oi 
other source of sound, soui co 
of compressed air. 

Method .—Make the 
disc rotate and direct the 
compressed air through 
a nozzle placed opposite 
one of the rows of holes 
(Fig. 52 ) Sot the tun¬ 
ing-fork vibrating and 
compare the two notes 
Then alter the speed of 
the rotator, using if ne¬ 
cessary a different row 



52.—^Air IS blown tbronwh tho holes in the 
rotating plato 


of holes, until the pitch of tho note emitted by the siren 
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is the same as that of the fork. This will bo the case when 
the beats just disappear (Text-Book, §§ 211, 212.) 

Now keep the speed of rotation constant and by means of 
the revolution counter ascertain the number of revolutions 
which the disc is making per second Then find the vibra¬ 
tion-frequency by multiplying this number by the number 
of holes in the circle used. 

If a fork is available whose note is the octave of that of the 
fork just used, determine its frequency by the same method. 
What relation do you observe between the frequencies of the 
two forks ? 

*Experimen.t 48.—To investigate the laws of vibrating 
strings. (Text-Book, §§ 192, 193.) 

Apparattts —Use a sonometer holding at least two stiings One of 
these IS fixed at one end, while at the other end it ih wound about a post 
which may be turned with a key, thus altoung the tension as desired 
The other string is fastened at one end, while at the othei it pabs(\s over a 
pulley and has a hook on the end of li to which w<»ights may be added. 
Let the first string be of steel wire No 22, wo shall call t.his s< ring .1 In 
addition have a second steel string of the same gauge, whieli will l>e called 
string JB; and a steel string No 28 gauge (^ c , with a diameter one-half 
that of the other). Call this latter string C 

Method. —1. Investigate the relation between length and 
pitch. Stretch string B with sufficient weight (6 or 8 kg ) for 
it to give, when plucked by the finger or excited by a violin 
bow, a good musical note. Then alter the tension of stiing 
A until the two strings are in unison. Do this by listening 
for the beats produced when the two strings are sounded to¬ 
gether. When unison is obtained there will bo no beats. 
(Text-Book, §§ 211, 212.) 



Fie £3 —Boaometer, oonsistmg of stratohod atrings over a thin wooden box. 
By means of a bTidge wo can use any part of a string. 
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Now place a bridge under string B a few cm. from one end 
and pluck the longer portion of the string, pressing the short 
portion down on the bridge. What effect on the pitch? Move 
the bridge until a length is reached which gives a note an 
octave above the original stnng. Compare by plucking 
string A If one note is an octave above another, it has 
twice as many vibrations per second. Measure the length 
required. What relation do you observe as to length and 
number of vibrations? 

Mark off on the sonometer lengths which are respectively 
I-. T’ f > -j. h ' 1 % > -a of original length Sound the notes given 
by these lengths They produce the major diatonic scale, the 
frequencies of which arc in the latios 1, -2-, -I-, *, ■§., 2. 

What law do you observe between pitch and length? 

2. Relation between pitch and tension. Apply a tension 
of 3 kg to string B, and tune A t o be m unison with it. Then 
place the bridge so as to use one-half of A and add weights to 
B to bring it into unison with one-half of A Compare the new 
with the old pitch, and the new with the old tension. What 
relation do you find? 

3. Relation between pitch and diameter. Put a weight 
of, say, 6 kg on stnng B, and adjust the tension of A until it 
is in unison with B again As the stnngs are of the same 
diameter, length and material, it is clear that string A is also 
under a tension of 6 kg Now substitute stnng C for string 
B and add the same weight, 6 kg Thus strings A and C are 
under the same tension. Pluck C, its pitch is much higher 
than that of A. Adjust the bridge under A until you obtain' 
a length which gives a note in unison with that given by C. 
Measure this length. What is the difference in pitch between 
strings C and A when at full length? Measure with a wire 
gauge the diameter of the wire 

What relation do you observe between pitch and diameter? 
State the three laws you have verified. 
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*Experinient 49.—To investigate the nodes and loops of a 
vibrating string. (Text-Book, §§ 171, 194.) 

Apparatus —Sonometer and some small paper liders. (Fig. 54 .) 

Method .—Damp the string at the centre by touching it 
lightly with a feather or wil<h the tip of the finger. Place a 

ruler, iiiiulo by folding a 
piece of paper, as shown 
in llu* figure, at the mid¬ 
dle of one of the halves, 
and bow the string at 
the middle of the other 
half. How ilocH the ri¬ 
der behave? llow is the 
string vibiating? 

Repeat the above experiment, damping the sf.img at one- 
third its length from one end, placing riders on the string 
at i, -J- and -J- its length from the other end. How do the riders 
behave? Where are the points of least motion in the string? 
Where the points of greatest motion? How is the string 
vibrating? 

Repeat the last experiment, damping the string at a point 
i and then ^ of its length from one end How doi's the string 
vibrate in each case? How does the note which the string 
yields differ from that produced when it vibrates as a whole? 

What are the points of least motion calh'd? What those 
of greatest motion? 

Experiment 50.—^To show interference of sound-waves. 
(Text-Book, §§ 213, 214 ) 

Apparatus. —That shown in Fig. 48, (page 50) and in Fig 55. 

Method 1, Adjust the length of tho air column over the 
water (Fig. 48) until it resounds most loudly whtm tho fork 
is vibrated over the mouth of tho tube. Then rotate tho fork 
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on its axis. Describe any changes in the sound. At what 
position of the fork is the sound loudest? At what position 
is it most feeble? Holding the fork in the position of weakest 
sound, carefully slip over one prong a small paste-board tube. 
What effect on the loudness of the sound? 

2 Hold a vibrating fork near the ear and rotate it about 
its axis. Describe the sound, and account for the changes in it. 

3. Tune two wide-mouthed bottles to resonance with the 
fork. In order to do this, hold 
the vibrating fork over the mouth 
of the bottle, and then carefully 
slip a piece of glass over it until 
the bottle resounds loudly. Then 
fasten the glass in place with soft 
wax. Now arrange the bottles as 
shown in the figuie. Bring the 
fork slowly down to the position 
shown in the figure What change 
in the sound occurs as the fork is 
put in this position'? Hold a 
card over one mouth; what 
change in the sound? Account for this 

^Experiment 51.—To find the wave-length of a sound by 
interference in a divided tube. 

Apparatus —The iipi)aiat,uh consists esscntuilly of two large T-tubes 
connected by rubber tubing (Fig 50} Anothei foim of apparatus is shown 
in the experiment following this. 

Let a sounding tuinng-foik bo placed before the open tube A, The 
sound passes along the tul){‘and is divided by the fust T-tube into two 
portions One portion goi^s by way of the tube (7, the othoi by way of 
the tube B, to the se{*<)nd T-liibe, by which they me biought together 
again at Z). Thence the motion is convened by the two tube^s which lead 
to the ear. B and C are <loubh* tubes, one slipping snugly within the other. 

It is evident that if the diffeienco in the lengths of the tubes B and C 
IS a half-wavo-lengt.h of the sound used, the two components on reaching 
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D wJl be in opposite phases, eondcuHiif ion in one will eoinoKlc with rare¬ 
faction n the other, and each will annul the olTcet of the other Under 



these circumstances the two portions inteifvre, and then' should he 
practically no sound heard at the car 

Method .—A fork whose frequency is botw(»en 300 and 400 
complete vibrations per second should bo used. Let one 
student vibrate the fork bcfoio A, and another place the 
ends of the tubes in his ears. By slipping ono glass tube over 
the other, vary the difforcnco in the lengths of B and C, and 
carefully adjust it until the sound is weaki'si Pinch ono of 
the rubber tubes to compare the effects obtaineil by using one 
component and the two combined. Since the sound is tians- 
mitted not only within tho tubing, but also by the material 
of the tubing, it will be impossible to extinguish tho sound 
completely. 

Having found the adjustment which gives the weakest 
sound, measure the lengths of the two paths, ABD, and ACD. 
Twice the difference between the two lengths is the wave¬ 
length of the sound. 

If the frequency of the fork is known, calculate tho velocity 
of sound from the formula v^nl; if it is not known, deter¬ 
mine the frequency from tho same formula, taking tho veloc¬ 
ity in metres as 332 0.6i, where t is tho temperature in de¬ 

grees centigrade. 
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^Experiment 52.—To find the wave-length of a sound by- 
means of a divided tube. 


Apparatus —Tho api>aiatus is shown in Fig 57 It consists of two 
brass tubes, A and B, connected by telescoping joints, with short side-tubes 


inserted at O and £> 

Method —Adjust the tube A. so that the 
distance from the opening C to the opening 
Z> is the same around the tube in the direc¬ 
tion CAD as in the direction CBD. Connect 
D with your ear by means of rubber tubing 
and place a tuning-fork before the opening 
in C. Vibrate the foik. The sound is heard 
clearly. It icaches tho ear through both 
branches simultaneously. 

Now draw A out until tho intensity of the 
sound is a minimum. With proper adj ust- 
ment the sound will almost disappear. In 
this case the length of the path CAD is one- 
half wave-length longer than the path CBD 
Measure the diffeience between the two 



paths and calculate the wave-length. 


Fiu G7 —Interferenoo 
apparatus 



Part V-—I lie at 


Experiment 53.—To test the freezing and the boiling-point 
of a tihermometer. (Ticxt-Book, § 239.) 

Apparatus — Convemout apparat us is .shuwu in Kif^s. 5S, 59. 

Method,—The frcvzlng-potnt. Insert the 
thermometer into a funnel 58), contain¬ 

ing clean icc broken into small purees, packing 
the ice well about it. Allow it to leniain for 
some minutes, until the mot cmy will fall no 
further, and then carefully t-ak(5 tiui reading 
In doing so have tlu' eye in such a position that 
a line drawn from it to the top of the mercury 
column is at right angles to the thermometer, 
and estimate the rea<ling to tenths of a degree. 

for^Teatuig‘tf© ^freea? Is thc tlicrmoincter graduated correctly*'* 

ixig-point 



The hoiling-poznt. Arrange appara¬ 
tus as in Fig. 59 Thc flask is about 
half-full of distilled water and the 
bulb of the thermometer should bo 
about 1 cm. above the water. 

Heat the water until it boils and 
then keep it boiling quietly so that 
the stem of the thermometer is 
surrounded by steam, which escapes 
through the tube T, Road the 
thermometer after the mercury be¬ 
comes steady and record its height. 
Then read the barometer and com¬ 
pute the true boiling-point, being 
given that at 76 cm. the boiling-point 



Fki. f»t), - Apparatus for toat- 
iaiK tha l>oihu(i;*p<nut. 


is 100"^ C-, and an increase of 1 cm. raises the boiling-point 
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0 4® C ; at 29 92 inches the boiling-point is 212® F., and an 
increase of 1 inch raises it 1 7® F. 

How much in error is the thermometer? 

Experiment 54.—To find the coefficient of linear expansion 
of brass. (Text-Book, § 244 ) 

Apparatus —AB (Fig 60) is a brass tube about 6 mm in diameter and 
105 cm long, connected to a Florence flask oi other boiler by a rubber 
tube T The open end .1 r<‘.sts on a block with the end against a nail 
driven in the block A weight W keeps this end in place Exactly one 
metre from the end A a shallow cut C is made in the wall of the tube by 
using a hack-saw oi a file and the tube is supported at this point on the 
edge of a piece of thin sheet metal M, 2 cm high, to which is attached a 
wire F, 20 cm long, to serve as a iiointer A centimetre scale S is placed 
behind the pointci 



Fig go —Simple apparatus for finding the eoeflScient of linear expansion of a tube 

Method —Note the tcmpeiatiuo of the an in the room and 
take this as the initial temperature of the brass. Record also 
the division on the scale opposite the end of P Then bring 
the water to the hoiling-point and let the steam pass through 
the tube foi a few minutes, taking caic not to distuib the 
apparatus. The piece of metal M and the pointei P act like 
a lever with the fulcrum at the line where the metal meets the 
block. When the pointei stops moving, record its new posi¬ 
tion. The second tcinpcn-aturo of the lod is that of steam 
and may be found by placing a tlicrmonietei m the steam in 
the boiler. 

Arrange your observations as follows-— 


Initial length of tube 100 cm. 

Distance through which pointer moved cm 

Elongation of rod ( hcuIo distance) . cm 

Initial tempeiature of brass . . ®C. 

Final temperatui e of brass ... . ®C. 



62 


HKAT 


Work out the coefficient of linear expansion, that is, the ex¬ 
pansion per centimetre length for one tl<‘gree rise in tempera¬ 
ture. 


*Experiment 55.—^To find the coefficient of linear expansion 
of a metal rod. (Text-Book, § 211.) 


Apparatus — The arraiiKCincnt shown in Pir <51 is well Milled for this 
experiment. B is a boiler half-filled with wafer 7' is a horizontal btass 
jacket tube covered with non-poiuliieliiiK matenal. Two siiiallei tubes, 
JET, K, are soldered into this tube, steam cmtt'rinK at one and jiassinj; out 
at the other. A third tube at the middle, elosed by a eork, has a thor- 



Fig, 61 —Apparatus for iindmg tho coofFicient of hiu*ar 
expansion of a metal rod 


rnomHc^r (i mto 

it Tho lod to he cx- 
pennif'ided on is pliic- 
ed within 1\ wliidi is 
closed by conical met¬ 
al <‘apH winch ket^p 1 he 
rod (‘cntial m T This 
tube IS caiucd on a 
rij^id bas(*, beiiiK held 
securely m place by 
clips '^I'heic ai(‘ two 
upiightH A and (\ one 
at oacli end, firmly 
fii,sten<‘d fo tlic base 
One of these caii les an 
adjusting sciew E, and 
the other a inicioineter 
Sj which should read 
to 0 01 mm. 


Method —First measure the length of tho ro<l hy means of 
a metre stick Then place it in tho jacket T, and, having 
one end firm against the screw IS, turn tho microiiu'it'r screw 
S until it makes gentle contact with tho other end. Take the 
reading of the micrometer and also that of f.ho tlK'rniometttr, 
which gives the temperature of tho rod. Then turn tho screw 
back two or three rotations to allow for tho expansion of tho 
rod. 
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Now connect the boiler and allow the steam to pass freely 
through Tfor some time, until the ro<l has had time to l)e heat¬ 
ed through and the thermometer is steady Catch the comhuiscd 
steam in a vessel placed under A", not on the base of the 
apparatus. Then turn the micrometer screw until it again 
makes gentle contact wdth the end of the locl ll(‘coid the 
temperature and read the mierometen* The imeronu'tor 
readings must be taken with gn^at care since the expansion is 
a veiy small quantity and any ror made in measuring it will 
make a great dilTeren<u' in the final result 

Tabulate results as follows — 


LIkNOTH op 
Rod in mm 

Ti.Mi*Lit\ruui 

M K ut»Mi n it 

Ini iti AHi. IN 
Ti Mi'i UAiiriti 

KkI'\NHU)N 

IN MM 

I'.M* \NSU)N 
H»U 1 (’ 

Fnisr 

Uvsr 

Eiumi* 

Ii\Hr 










The coefficient of linear (expansion is the exi)ansion per 
degree per unit of length, and is ohiallied by dividing thi^ last 
column by the first. (Jaleulate it and (compare its valu(‘ with 
that given in the appiuuUx. 

Repeat the expcn'inumt, if possible Aocurat<^ nssults an^ 
not easy to obtain. 

Experiment 56.—To compare the expansions of water and 
alcohol. (Text-Hook, 8 215.) 

Apparatus;* —Having two .small fliusks, as nc-arly uhkt» ns possi¬ 

ble, fill one with water, tlu» i)(hor with aleoluil. Thett‘mi>erat4iHM>f each 
should bo the same. In.s<‘rt glass tubes of th(‘ same bore, whieh should 
be small, into two corks and push these into the tkisks until tlie lupiid 
rises to the saimi height in each, as shown on an attaclntd paper scale 
(Fig. 62). 
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Method .—Allow tho flasks to stiiiul until you arc sure they 
have the temperatuni of the njoin, which is rt'ud by a ther¬ 
mometer placed near them; then not(> (he height at which 
tho liquid staiuls m each t.uh(>. N<‘xt, plae(* the (wo flasks in 
a vessel containing wat('r a few th’gi‘(«es above (he room tem¬ 
perature. Watch closely any change in (he lu'ights of the 
liquids in the tubes. Allow them to s(und for some time un¬ 
til they take the ((unjicrature of the water, 
and record thc' heights niul (he temperature. 
Then raise the (('inperaturi' by Inviting or 
by pouring in warm water, and again take 
tho temperature and the ln‘igh(s of tho col¬ 
umns. (Jontinuo this until (he alcohol is 
nearly at tho boiling-point or the liquids 
are at tho top of the small tubes. 

Which li<iuid expaud.s the more with the 
heat? 

Remove one flask from (In* hot water and 
plunge it into cold wafer; wa(.eh closely any 
change in thc height of the liipiid column. 
Explain this behaviour. 

Fio 62 —To compare 

expansions of liquids shoet of scjuuri'd paper draw curves 

to represent thc expansion of each Inniid, ordinuti's indicating 
increase in height of the liquid and abscissas incrivisc in tem¬ 
perature. 

Which curve is steeper? What docs that indicate? 



Experiment 57.—^To find the coeflBLcient of apparent expan¬ 
sion of turpentine. (Tkxt-Book, 15 24.5.) 

Appakatus. —Specific gravity bottle, beaker, thormometcr, retort stand, 
etc. (Fig 63). 

Method —^Weigh the specific gravity bottlo and fill it vrith 
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turpentine at the temperature of the room, 
stopper and carefully wipe off the excess 
of liquid which has overflowed. Weigh 
the bottle again and take the room tem¬ 
perature. 

Next bring the water in the beaker to 
a temperature slightly above that of the 
room and immerse the bottle in it, so 
that the nock is ] ust above the surface 
of the water. Heat the water to about 
80“ C and maintain this temperature 
When the turpentine stops coming out 
of the hole, wipe off the top of the stop¬ 
per, remove the bottle, dry carefully 
and allow it to cool Then weigh the 
bottle and its contents once more 


Replace the 



Pig 63 -Apparatus for find- 
ing tho coefficient of apparent 
expansion of turpentine 


Record your observations and calculate your result as in 
the following numencal example.— 


Observations — 

Weight of bottle empty 20 00 gm 

1st weight of bottle and turpentine 125 70 gm 

2nd weight of bottle and turpentine 120 32 gm 

Tempeiature of room 20* C 

Tempcratuie to which tuipcntinc was heated 75° C 

From which 

Tuipontine lost thiough expansion. 5 38 gm. 

Increase in tempciatuic 55° C 

Calculation — 


Let us call a ^‘volume" of tuipentine the volume which weighs 1 gm at 
20° C 
Then, 

100 32 volumes heated 55 degrees expand 5 38 volumes 

5 38 

1 volume lieated 1 degree expands - = 00097 volumes, 

100 32 X 55 

or coefHeient of apparent cubical expansion (in teims of volume at 20° C ) 
== 00097. 

Note —1 The coefficient of expansion of a liquid is usually stated in 
terms of the volume at 0° C 

2. To obtain the oocfficieni of absolute expansion we should add the 
coefficient of cubical expansion of glass. 
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♦Experiment 58.—^To study the expansion of water near 
the freezing-point. (Tex'I'-Book, S 246 ) 

Apparatus — I [opo’s apparatus (Fig Ut). It con¬ 
sists of a cylindwral glass or iiwt.il vt'ssi'l sunoundcd 
at about half its luaght by an annular trough, and 
having two tlu»nnom(>t(‘is inst'rlod through holes m 
tho aides, one at the top, the other at the bottom. 

Method —I'MI iho cyliiulor with water at a 
tcmporaturo of 8 or 10® (5 , tintl in the trough 
put a mixture of snow (or pouinled ice) and salt. Then ob¬ 
serve every minute, or half-minut(‘, the retidings on the two 
thermometers. It is well to surround tiu' !ii>paratus with 
some non-condueting material such as felt or cotton wool. 

Enter your observations thus:— 



Time 









— 



Upper 

Ther¬ 

mometer 











Lower 

Ther¬ 

mometer 









i 

i 




Draw curves to represent the variation in the temiieratures 
with the time, ordinates representing tcmpe.ratun's aiul abscis¬ 
sas representing times. 

Why does the lower thermometer fall first? At what 
temperature has water its maximum density? Explain the 
great importance of this fact in nature. 

N'otb. —To perform the experiment requires 40 or 60 minutes. 
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Experiment 59.—To jSnd the coefficient of expansion of a 
gas (Charles’ Law). (Text-Book, § 247.) 

Apparatus, — A fine glavss tube about 60 cm long, closed at one end 
and containing a column of dry air imprisoned by a short thread of mer¬ 
cury (Fig 65), a tall jar, a thermometer and a metre stick 


Method —Tie the tube and thermometer to a metre stick 
and place it in the jar in a vertical position 
Surround it with water to which enough 
chopped ice or snow has boon added to bring 
the temperature as close as possible to 0° C. 

When the air in the tube ceases to contract, 
note the teinperatuie and also the length of 
the air column. 

Next fill the jar with water at about 50° C 
and note the new lengtli of the air column 
and the now temperature after the air has 
ceased to expand. 

Finally repeat the readings with the tube 
immersed in water at about 80° C. 

Tabulate the obsoi vations as follows — 



Fia 65—Apparatus 
for measuring the ex¬ 
pansion of a gas 


Rl.\dino 


Chanol. in 
T r.Mi* 

Length of Air 

Change in 
Length 

1 

2 

3 

0’ C 

(from 1 to 2) 

(from 1 to 3) 


(from 1 to 2) 

(from 1 to 3) 


Since the area of the cross-section of the tube is uniform the 
volumes of the air at the diffei^ent temperatures are proportional 
to the lengths, and consequently the numbers which represent 
the lengths can also be used to represent the volumes. 

From the observations taken, calculate the increase of a 
unit volume of air at 0° 0. per degree rise in temperature. 
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Two results can be obtained frtnti tlio observations taken. 
Average those two results. 

State your conclusions as follows — 

I find that the volume of a given ina.s.s of gas nt constant 
pressure increases for each rise of 1" C hy of its volume at 
0 ° 0 

Note. —If it is not dcsiicd to immerse f.h* metie stick m ivulor, the 
tube can be held close to the side of the jar and the !nea.surciaents can be 
taken horn the outside. 

Experiment 60.— To study the method of mixtures. (Text- 
Book, § 250.) 

Appakatus —Beakers, thermometer, balance, stirrer. 

Method .—^Place a beaker on one pan of a balance and add 
shot or other small objects to the other pan unt il the beaker 
is counterpoised. Then add 200 grams more, ami pour water 
into the beaker until equilibrium is again obtained. Have the 
temperature of this water 8 or 10 dc'grees lower t han that of 
the room. Pour this into another beaker Then replaeo t he first 
beaker on the balance and pour in 300 giams of water which 
is at a temperature 4 or 5 degrees above that of the loom. 
(For this experiment, instead of weighing t.lio wat.i'r it may be 
measured m a graduate, assuming that I c e.. = 1 gram). 

Now take a third beaker, largo enough to hold all the water 
which has been weighed. Stir the cooler water well and 
take its temperature, do the same for the warmer water. 
Then pour the water from the two beakers into the third 
one, stir it well and take the temperature. It is more satis¬ 
factory to have two thermometers, one for each beaker, so 
that there may be no change in one temperature while the 
other is being taken, but if no time is wasted this ehango can 
be neglected. 

Calculate now how many calorics of heat have been gained 
by the colder water, and how many lost by the warmer. It 
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IS evident that these should be equal, except for any heat 
that may have been lost or gained by the third beaker. 

Why was the temperature of one chosen above that of the 
room and that of the other below 

Experiment 61.—To find the thermal capacity and water 
equivalent of a calorimeter and the specific heat of the metal 
of which it is made. (Text-Book, § 252 ) 

Apparatus —Calot imcter (Fig 06 For a description, see Text-Book, 
§ 254), thermometei, balance, Bunsen buinei, beakers 

Method —Weigh the vessel A (Fig. 66). Pour in tap water, 
which should be at least five degieos below the temperature 
of the room, until it is about half-full, and weigh again. 

Subtract, to find the weight of the water. 
Then place A in the outer vessel B and after 
stirring the water well take its temperature, 
(Use the thoimometcr as stirrer.) 

Have water heated in a beaker to about 20 
ccntigiadc degrees above the room tempera¬ 
ture. Take its temperature and then pour 
into A enough to nearly fill it. Stir well and 
take the temporatuic Finally weigh the 
vessel A and its contents again and calculate the weight of 
the warm water poured into the calorimeter 

It IS evident that the heat given out by the warm water is 
equal to the heat gained by the cold water and the calorimeter. 

Tabulate your observations and calculate your results as in 


the following numerical example — 

Obseyvahom — 

Weight of calonmotor . 243 3 grams 

Weight of ealorxmofoi -j- cold water . . . 663 7 “ 

Temperature of oalonmeter and cold water 12 8°C 

Temporal,lire of warm water. 42 0“C 

Final tempcz'‘ature of mixture . . 23 2®C. 

Weight of calorimeter 4- cold + warm water 908 7 grams 
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From which, 

Weight of cold water. “ *120 4 grams 

Weight of warm water .... 215,0 

Calculation — 

Heat lost by warm water — 245 (42 0 — 23 2) 4t)00 cal 

Heat gained by cold water = 420 4 (23.2 -- 12.S) =- 4372,2 cal. 

/. Heat gamed l)y calonmetor -=~ 233,H cal. 

Thermal capacity of caloiimcier— 233.8 *** (23.2 —12.8)—22 6 
cal (approx ) 

Water equivalent of (uilorimeter = 22.5 gm. 

Specific heat of metal — 22.5 — 213.3 = 092. 

Experiment 62. —To find the specific heat of lead or copper 
shot. (Text-Book, § 253 ) 

Appabatus*—C ylindrical metal dipper or large test-tube to contain the 
shot, Florence flask or beaker to act as a boiler, burnei, balance, 
thermometer, calorimeter 

Method, —Fill the dipper or test-tubo thrcc-tpiartcrs full of 
shot and carefully insert the bulb of a tlier- 
moineter in the shot Tluui place the vessel 
containing the shot in the llask (Fig. 67) and 
heat the water to the boiling-point 

Weigh the caloxumetcr, a<ld about 200 c.c. 
of tap water, which should be about 5 degrees 
below the temperature of the room, and weigh 
again to find the weight of the water added 

After the tempex'aturc of the lead has ceased 
rising, record it. Withdraw the thernioiueter, 
let it cool and then take the temperature of 
Fig 67 —Determm- the Water in tlio calorimotex\ 

ation of specii&o heat of 

* Next, take the thermometer out of the calor- 

imeter, remove the vessel holding the shot from the lliisk 
(use a cloth to handle it) and immediately pour tlio lead 
into the calorimeter. Stir with the thennometor until the 
temperature of the water stops rising, and thou rend its tem¬ 
perature. Finally, weigh again to find the mass of the shot. 

Tabulate your observations and calculate the specific heat 
of the shot, as in the following numerical example:— 
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Observations *— 

Weight of calorimeter (copper) . 104 2 gm 

Weight of calorimctei + cold waiei 306 6 ** 

Weight of calorimeter 4- %vatci + shot 606 9 ** 

Initial tempera til re of water . 14 2 ®C 

Temperatuic of shot ... . 100.0 °C 

Final tcmpoiaturc of water and shot .. 19 0 ®G 

From which, 

Weight of cold water . . 202 1 gm 

Weight of shot . . . = 300 3 

Fall in temp of shot . . == SI 0 °C 

Rise in temp of water and caloiimctcr . = 4.8 ®C 

Calculation — 

Heat gamed by watci = 202 4 X 48 = 971 5 cal 
Heat gained by caloiimctcr = 104 2 X 091 X 4 8 = 47 0 cal 
Total heat gamed by cold bodies = 1018 5 cal 
This is equal to the heat lost by shot 

ipiq R 

. Specific heat of shot = gQQ 3 ^ q = 042 

Note —In this solution the specific heat of coppoi has been used m 
calculating the heat gamed by the ealoiimetei If the thcimal capacity 
or water equivalent of the caloiimcler is alieady known the solution is 
slightly simplified. 


Experiment 63.—To jfind the melting-point of paraffin or of 
beeswax. (Text-Book, §§ 255, 25G ) 


Apparatus —Heat some small glass tubing in 
into a fine tube Cut off a piece a few inches 
long, dip the fine end m melted paraffin, 
and then fuse the end of the tube in the flame 
(If the tube is vciy fine it may be held in the 
melted wax and then used without being fused 
at all) Thermometer, ictoit stand, wiie gauze, 
Bunsen burner, beakci 

Method .— Bind tlic tube to a thermom¬ 
eter so tliat the wax ih near the bulb, 
find then hold it in a beaker of water to 
which heat is applied gradually (Fig 68). 
Keep the water well stirred, and note 
carefully the temperature when the wax 
becomes transparent at the lowest part 
of the tube 


a flame and draw it out 



Next, remove the heat and let the 


Fig 68—Fmdinff the melt¬ 
ing point of paraffin 
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water cool, aud obaorvo the ti'iuperatiu <• whtsii tlus wax becomes 
opaque again. Take the mean o£ these two temperatures as 
the melting-point. 

Experiment 64.—^To study the effect of pressure on the 
boiling-point. (Tbxt-Book, § 2()7.) 

Ain'Auvms:—As shown in Pigg 
69 aiul 79. 

—PreHHwrvs gveaUr 
thttii at)uosphf^ric. Arrange 
the ap])aratuH us in Fig, 69. 
Thu lla.sk shonkl bo half- 
full of distilled water and 
the bulb t)C the thennometer 
sliould bo about one centi- 
motru above the BTU'faco of 
tlio wat('r. Th(^ t(‘st-tube t 
coutains inurcury 

Find the boiling-point of 
the water before ilui end of 
tlio tube T is nnnuu'.sed in the 
mereuxy. Thun lind the boil¬ 
ing-points when the end of T is 1, 2, 3, 4 and 5 cm below the 
surface of the mercury. Read the baroinutiu' and tabulate 
the observations as follows-— 



Pig 60 —Boihng-point under inoroasod 
pressure 


Babometexi 

Dbbtii of T 

Steam PuEHHtuiM 


cm 

1 cm. 

.... cm. 

.. T. 


2 “ 

1 

,, , , 


3 " 

M 

.... 


4 “ 




5 “ 

. 

. 
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Pressures less than atmospheric. 

Half-fill a roxxnd-bottomed flask 
with water and boil for a minute or 
two to expel the air Then remove 
the flame and immediately close the 
flask with a good stopper Invert 
the flask, support it on a retort 
stand (Fig 70), and pour cold water 
over the flask. Observe the action 
m the flask and state your con¬ 
clusion. 

Experiment 65.—To study the effect of salt upon the boil¬ 
ing-point of water. 

Apparatus —That shown in Fig 71 The flask should have a capacity 
of about 300 c c If an ordinary flask is used, two holes should be bored 
through the cork, one for the thermometer, the other for a glass tube 

Method —Measure out 150 cc of water and pour it into the 
flask Heat the flask carefully, protecting 
it from the flame by wire gauze, until the 
water boils First, have the thermometer 
bulb in the steam above the water What 
temperature does it sliow ? Let it boil for 
a few minutes, does the temperature change? 
Then push the bulb down into the water 
What is the temperature? Does it remain 
steady? Next, add 10 grams of salt, and 
boil Place the bulb in the solution, and 
note the temperature Then remove the 
thermometer, wipe the bulb, and replace it 
so that the bulb is in the steam above the solution. Again 
note the temperature. Repeat these observations, using 20, 
30, etc., grams of salt until the solution becomes saturated. 



Fig 71 —Find the 
boiling-point of a salt 
solution 
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State in your note-book what in the effect on the boiling- 
point of water by a<lding coniuion Halt to it, and alao what is 
the effect on the steam rising from it 

Make a boiling-point cuxwo with grams of salt as abscissas 
and boiling-points (obtained with tlie thermomet<‘r in the 
liquid) as ordinates 

Experiment 66 .—^To find the lowest temperature obtainable 
with a mixture of snow and salt. CrKX'r-BooK, § 202.) 

Apparatus —^Tumbler or other vessel to c‘ontam snow and salt, 
thermometer. 

Method ,—Mix Well together iho snow (or bi'oken ice) and 
salt, and insert in it a thermometoi* which reads to about 
— 20®C Use varying quantities of salt, and see how low a 
temperature is obtainable. 

Experiment 67.—^To determine the cooling curve through 
change of state (solidification). (Text-Book, §§ 255, 256.) 

Apparatus: —Very small test-tube, l-wo larger toHt-tubes, vessel to con¬ 
tain freezing mixture, thermometer, mercury. 

Method —1. For Ib^at some parafHu contained 

in a test-tube to about 60"C., place a thermonu^teu' in it and 
observe it regularly at intervals of 1 
minute as the wax cools in the air The 
paraffin shouhl be heated 
by holding the tube in 
w’-atcr which is heated by 
Fio 72.—A oooiiag curve. a gas or othor llamo. 

Plot a curve (Fig. 72), having temperatures 
for ordinates and time for abscissas. 

2. For water. A similar experiment can 
be tried with water, a suitable arrangement 
being shown in Fig. 73. The water*, whicli 
should be distilled, is held in a large test-tube, 



Fitj. 73.—Appar¬ 
atus for obtamiiJg 
coohng curve for 
Wfttcr. 
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and the thermometer is in a thiu-\valle<l test-tube containing 
mercury and just large enough tt» admit the thermometer. 

The largo tube is packed in a freezing mi.xturo of snow and 
salt. Road the temperature every half-minute, and plot a 
curve as above 

Experiment 68.—^To find the heat of fusion of ice. (Text- 
Book, §§ 259,200.) 

Apparatus. —Calorimeter, t.hermometer, baliiuec 

Method —Weigh the calorimeter. Half-fill it with water at 
a temperature of 30 or 35*’ 0. Weigh again, and thus obtain 
the mass of the water. Take some iiieccs of ice, having a mass 
about one-sixth that of the water Htir the water well and 
take its temperature. Dry the ice with a towel or a flannel 
cloth, and quickly drop it into the water. Stir (by means of 
the thermometer or otlicr stirrer), and observe the lowest tem¬ 
perature leached by the water. Again weigh the calorimeter 
and its contents, and by subtraction find the weight of the 
ice added. 

Tabulate your observations and find the lieat of fusion as in 


tlie following example — 

Observations — 

Weight of calorimeter (aluminium, sp ht 21) 25 gm 

Weight of calonmetei an<I water . 225 

Initial tomperatiuo of w.iter ... 20° C 

Temperature after lec has melted 10 3 ° C 

Weight of calorimeter, water and melted icc 247 gm 

From which, 

Weight of water at 20° O. == 200 gm 

Weight of ice melted .... . = 22 

Fall in temperature of water and calorimeter = 9 7 ° C. 

Calculation — 

Iloat lost by water — 200 X 9.7. « 1940 cal 

Heat lost by calorimeter «= 25 X 9.7 X *21 « 50 9 cal 


Total heat lost by hot bodies « 


1990 9 cal 
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Heat required to laise 22 ftiii water from 

0 ‘’C. to 10 3^^ a - 22 X 10 3 220 0 eaL 

Heat icquiiod to molt 22 gin i(*o = 17(i i 3 <*aL 

.* Heat requued to melt 1 gm i<‘c ™ 17l>L3 22 SO 2 eal 


Experiment 69.—To find the heat of vaporization of water. 
(Text-Book, §§ 209, 270.) 

Apparatus —That shown in Fig 71 ih vtu’v <'onv(uut>nt. A Florence 
flask may be used instead of the Kpcndal hoih^r. 

the calorimeter. 
Fill it two-Uunls full wii.h the coldest 
available tap water, and wm^li very 
carefully 4i,|(aiu, to liud the weight of 
the water. 

Now have steam conun^^ frtMdy from 
the boiler and |)aHsini^ liy nutans of a 
rubber tube into a tiap T, Introduce 
the deliv<uy tube /I into tlu' calo¬ 
rimeter, thrust it 2 or 3 cm behiw the 
surface of tlu‘. water, and keep up a 
vigorous curriuit of .stea.ni. 3108 will 
be sliowu by a noisy and in<»essant col¬ 
lapse of bubbles as they come in contact with tlm cohl water. 

Keep atiiTing the water and when il,H tomptn^aturti has risen 
to about 35° G. quickly remove the. <lelfviqy tube. Wtir the 
water thoroughly and quickly an<l tak(^ its t(‘mpt*ratnri^ Then 
with no unnecessary delay widgli the caIor5mt‘ti‘r and its con¬ 
tents. This weighing should also be made with much care. 
Subtract the last weight from this aim and thus obtain the 
weight of the steam which has entered the water. 



Fia 74 —FindiuK tho latent 
hoat of stoain Tho trap T la 
made from a slass tiibo about 2 
inchcsloiiKaiid 1 inch dianiotor, 
with a filasa tube through a 
cork in each ond 
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Tabulate observations and calculate the heat of vaporization 
of water as in the following example — 

Obbervations — 

Weight of caloumctcr (hiasb) 50 gm. 

Weight of calonmelox and water 300 ‘‘ 

Initial tcmpciatm o of wa<ci 5 ® C 

Temperature aftei mtzodueing steam 30° C. 

Weight of calorimetci, watei and condensed steam 310 5 gm. 

From which, 

Weight of water at 5 ° C = 250 gm 

Weight of steam condensed = 10 5 gm 

Increase in tempciatui o of water and calorimeter = 25 ° C. 

Calculatxon —- 

Heat gained by the watci == 250 X 25 = 6250 cal 

Heat gamed by the caloumcter = 50X25X 090 = 112 5 “ 

Total heat gamed by cold bodies = 6362 5 “ 

Heat lost by condensed steam in cooling fiom 

100® C to 30° C = 10 5 X 70 = 735 0 cal 

Heat lost by 10 5 gm steam m condensing = 5627 5 '' 

Heat lost by 1 gm steam in condensing = 536 cal (nearly) 

Notes, 1 The trap is used 
to catch any water condensed 
from the steam in the pipes 
and pi event it from tiickling 
into the calorimeter It can 
be dispensed witli entiiely 
In Fig 75 is shown a simple 
form of the apparatus, in 
which no trap is used. 

2. As the latent heat is 
high the <mantity of steam 

- . :, - . Fig 76 — Simple apparatus for finding 

used. IS small and care must heat of vaporization 5 is a screen to protect 

. . the calorimotor C from the source of heat 

be taken in the weifirhinirs. water condensed m the delivery tube runs 

® ^ ® back into the flask 

A small error in the weight 

of the steam will make a considerable error in the result. 
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Experiment 70.—To find the dew-point and the relative 
humidily. (Text-Book, 270-279.) 

Apparatus.— A polished thiu inctiil c‘ui> 7()), t honnoiriolcT 

Method —Half-fill witli tap water a tlun polushod metal 
cup —one of aluminium or of nickol-plaied brass will answer 
well. Continue dropping small pieces of ice in, stirring well 
all the time, until dew is si'cn to form on the 
outside Then take the tcMnpmutnre of the 
water witli a thoimoinetiu- whieh should he 
read to of a degree. ''Flus temperature is 
probably a little below the d(‘W-point* 

Now add small quantitiivs of water at the 
temperature of tlie loom until the mist Ix^gins 
to disappear*, and then take tlu^ tmnperature 
again. This will probably be a little Ingher 
than the dew-point l’akt‘ the m(‘an of the 
two temperatures as the dew-point 

Repeat the experiment several timers. After om^ oi two 
trials the temperature found going down will (juib^ close 
to that found going up. 

Be careful not to breathe upon the outside <>i tin* vt\ssel or 
to hold any damp object n<iar it whih^ looking lor ih(» mist to 
form. A sheet of glass stood in front of the apparat us will 
protect it. 

If a thick layer of moisture forms upon ilu* vt^sstd btd'ore the 
reverse process is begun, it sliould be wip(*d off 

From the table in the appendix find the number of grams 
of water vapour in 1 cu. metre of saturated air at the d<w- 
point and also at the room temperature, ^flieu eaUmlate the 
relative humidity. 



Fro 76 —A pol¬ 
ished metal cup for 
finding the dew¬ 
point. 
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^Experiment 71.—To find the relative humidity by use of 
a chemical hygrometer. (Text-Book, § 278.) 

Apparatus —As shown in Fig 77. A is a large bottle of at least 10 
litres capacity The U-tubcs C, D and E contain calcium chloride or some 
other substance which absorbs water-vapour readily The bottle F con¬ 
tains strong sulphuiiG acid G and II are thermometers. 

Method —Have A nearly full of water at the beginning of 
the experiment. The temperature of the water, which is de¬ 
termined by the thermometer G, should not differ materially 
from that of the air, as read by the thermometer H, Weigh 
the tubes (7, D, E carefully and then place them in position. 



Open the tap B and catch the water as it runs out in a meas¬ 
uring vessel, wliich should be fairly large to avoid too frequent 
emptying. Fill and empty A at least five times if time permits. 
Calculate the volume of water which has escaped through the 
tap this will be approximately equal to the volume of air 
which has passed through the U-tubes. 
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Next, remove the U-tubea and woigli again caiefuUy to find 
the amount of water-vapour abaorhed. 

Now attach to (7 a U-tube containing apongo aaturatod with 
water and repeat the expcnmout. ^’ho air which la drawn 
through O, D and JE should, under theao cunditioua, bo satur¬ 
ated with water-vapour. Draw approxiniatcdy the same vol¬ 
ume of air through the tubes and weigh thorn again with the 
same care. 

From the results, calculate the amount of water-vapour 
present in 1 litre of the air in the room and also in 1 litre of 
saturated air at the same tompei-aturo. I-C'cprc.s.s the fonnor 
as a per cent, of the latter This will give the i olativc humidity 

Note—T his experiment, is most siiiLsfactory in warm wt'ather, not in 
the wmter when there is little moisture in th<i atinosplunc* 

Experiment 72.—To find the relative hum¬ 
idity by using the wet-and-dry bulb hygro¬ 
meter. (Text-Book, § 280) 

Apparatus— theininnu*t<*iri which should he 
as nearly correct as possibh^ 'riu* bulb of one of the 
theimomcters is coveieil with muslin kt'pt. moist by a 
wick which dips in a vessel of distilled vi at in (Vipr 73 ) 

Method —Read the thennonu^torH carefully 
when the bulbs arc dry, and if thi‘re ih any 
difference in the readings, rt^cord it ^nien 
immerse the wick in the water and when llie 
mercury in the wot-bulb thennoinetm- ceases 
to fall note the readings again. (Correct these 
readings for any initial error. 

PiQ 78 — Wet Compute the relative humidity from the 

Tind-drybulbhygro- table glVOlX 4lt tho back of tluH MANXJAh, 
meter ^ 

Note.— If Fahronhuit thormonuMiU's uni not. avail¬ 
able, use Centigrade thermomotors and reduce thtnr readings to the 
Fahrenheit scale. 
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^Experiment 73.—To find the relative conductivities of 
some metals. (Tkxt-Book, §§ 29*1, 295.) 

Appabatus* —I'he a])paratu.s, tleviKo<l hy KtLsor, usilhis-iratt'd in 79. 
A IS a vessel, which ma^^ ho matlo finni a pie<‘o of lirass 10 vm in 

diameter and 20 cm lonp;, the hoitoni heinfj; closed hy a brass disc Holes 
are bored in this to receive rods dilTerent inetals 
(about 2 5 mm in diameter and 15 cm. lonji;) sol¬ 
dered in position perpi^ndiiuilar to the bottom. 

Each rod is provided wit ha small index: made from 
coppei wiro about 0 S mm m diam(d(*r (No 20 wire), 
bent in the form shown enlargiai at H The indexes 
are made by winding the wiio on rods slightly larg¬ 
er than the rods in t,he bottom of the vessel 

Method ,—To begin with, invert tlie vessel 
A, slip an index on oacli rod, and melt a 
very small amount of paiafRn wax around 
the rings. When the vessel is turned right- 
side-up, as shown in the figure, the solid 
wax liolds the indexes in j^onition 

Now pour boiling water into the vessel. 

As the rods get lieated the wax is melted 
and the indexes slip down, carrying the wax before them, and 
when the temperatures of the rods have acquired steady val¬ 
ues, the ludexos will have descended to points on the various 
rods where the wax just solidifies, and which therefore possess 
equal temperatures. 

Now measure the distances from the bottom of the vessel to 
the projecting point on each index. It has been proved (in 
works on the theoiy of conduction of heat) that the conduct¬ 
ing powers are proportional to the squares of these distances. 
Find the squares of the distances measured, and taking the 
conductivity of copper as 100, compute the conductivities of 
the other rods. 

Perform the experiment several times: it does not take long 
to do it. 



Fifl 79 —Edser’s ap¬ 
paratus fur finding rela¬ 
tive conducting powers 
of metal rods 
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*Experimeiit 74.—To determine (approximately) the mech¬ 
anical equivalent of heat; i.e., to find the amount of energy 
which is equivalent to unit quantity of heat. (Tkxt-Book, 

Ai>paratus:"-A sioui c^artihojini tuiu^ uhout I ni. 
long and i> cm. in dminctn, ahotii r>(){) gm of lead 
shot 1,5 mm in diameter, ami a fh(M*momcter, 

(Fig 80 ) 

Metkixl —Fit each end of th<* iulu^ with a 
sound cork, and insert one etn-k JMaee the 
thermometer m the shot, which may esouven- 
iently he held in a cardboard box, and read 
the temperature aecuraltdy. Let it he //'C. 

Now pour the shot into the tube, holdnifijitin 
ata ahuosthoriscontal position, ami then, turning 
the tube upright> nu‘aHnre, tbtMlistunee from 
the upper surface of tlu^ sliot to tlu* place where 
the lower surface of the uppi»r coik leaches 
when it is inserted in the tube, L4*t this dis¬ 
tance he h cm. 

Fig 80—Findiiiff 

eqmvalent oflicat^ Ncxt ItlSOrt tho Xlppur COiiC, tulvt^ lu)ld of 

the middle of tlie tube and (puckly invert it 
so that the other end comes upperim^st Tin* shot, will drop 
to the bottom. Itepeat this 101) times, then (puckly thrusta 
thermometer into the shot throuf^li a hoh» madt* in t ht* side of 
the tube and take the temperature. Let it 1 h‘ /g t? 

Calculate the mechanical equivalent of heat us follows:— 

Let m grams — mass of the shel, 

it " spccitic heat of h^nd 

Then mechanical work done 100 gnuU“C(*ntittictr(' units, 

100 w(//( <‘rgs. 

And heat developed «= nut (fa /*) cuioiu’s. 

Hence the mechanical work! ^ UK) wjy /f 100 f//t 
equivalent to 1 calorie / mn (fi-h) h) ^ ^ ' 

Repeat the experiment, making 150 inv(U*H5ons of thcs tube. 
Note —In performing the experiment make sure of th(^ corns*! specific 
heat of the shot In some cases it diilers conHidemhly from that of i)ure 
lead. See Expenment 62. 


§§ 285, 286.) 




Part VI— ^Light 

Experiment 75.—^To study the images produced through 
small apertures. (Text-Book, §§ 313, 314) 

Apparatus' —Use a box about 4 inches 
square and 8 inches long Over an open¬ 
ing in one end fasten a piece of tm-foil, 
and covei the other end with thm paper, , 
tracing cloth or ground glass. 

Method —Place a candle or an 
incandescent lamp in front of the Fig si —a pm-hoie camerai 
box, and pierce a hole in the tin- 

foil with a pm Observe the image on the ground glass by 
covering the head and the back of the camera with a dark 
cloth. 

Note the position (erect or inverted) of the image, also how 
clear or sharply defined it is Measure the height of the 
candle and of its image, and their distances from the pin-hole. 
Place the candle at different distances and measure these 
quantities for each distance Arrange the results in a table, 
thus-— 


H EIGHT OP 

Okji%ct 

IlmCiinr oi* 
iMAClh 

Hi oi* OnriiCT 

Hr okImu.i- 

Distancl, op 

OhH ( T I* BOM 
PlN-llOl Jfl 

Distance op 

Im ACIK FROM 

Pin-hole 

Obj from Pin-hole 

Im from Pin-hole 








Now make a three-cot nered or an oblong hole in the tin-foil 
Do you notice any difference in the image? Make the first 
hole larger. What change in the image? Make several holes 
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near together. What result? Nt>w make thieii all into one 
hole, and note the rcault. 

In your note-book desoriho all your experiments and the 
results observed. Also makts a sketeh showing why the 
images arc inverted; and answer the following <inestiona. 

(a) What relation do you observe between the size of the 
object and the size of the image? 

(b) On what doo.s the brightn<*ss of an im.-ige th'pend? 

(c) On what does the sharpness of thdiniiion depend? 

^Experiment 76.—To verify the law of inverse squares. 
(Text-Book, § 324.) 

Apparatus’—A simple hut. eflii’tenl, pliutniiiefer i’»u he niatli' from two 
blocks of paraffin, wax, (> or 7 mm. thick mul iihoiil. g .'j em sqii.ue They 
should be cut from th« same slab of piuiilUn, eiuefullv m.i<i«> of tlie snrae 
thickness and then placed toRi'ther with a hhect of Itu-foil I)i>lwfcn thm 
(a. Fig. 82) They may tie simply w-t on a slsiint, or m i\ he plaiwd at 
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the back of a piece of wood or lueial with a hoU^ nluail I vin in it, 

the blocks being so arranged that an ocjual anunuii of each is M‘t‘n through 
the aperture. This, as w<‘ll as the l>oard on whu*h it siuuiUi lie 

painted black, and the cxperiniont should he j>erfoiiniHi m a <iark(*ncd 
room. If this photometer cannot bo obtainoti, uso a Huum'u oi a Ihim- 
foid photometer 

Method .—At one on<l of the Waekonoil lioard plaoo one 
candle, and at the other (1 m. or more away) plata- four caudles 
(Fig 82). Have the caudloB all burning etjually welb Now 
move the photomotei' back and foi-th until the two porfiouHof 
paraffin ai-e equally bright. If tho two lightH sin^ of tho Hanie 
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colour, as they are in this case, the tin-foil line of separation 
will disappear. If the colours are not identical, one must 
judge when the two portions are equally bright This can be 
done quite accurately after a little practice. Make 2 or 3 ad¬ 
justments of the photometer, measuring the distance from the 
lights to the photometer each time. Let the distance from 
the single candle to the photometer be cZi, that of the four 
candles be Take the average of your values of dx and 

Then change the distance between the lights and, adj’usting 
the photometer as before, obtain new values for di and d^ and 
take the average again 

Repeat this witli another distance between the lights. 
Tabulate your results thus — 


Fhom 1 Candi 11 io 
PnoTOMi n It, di 

Fuom 4 Candlus to 
PHO rOMlL.T3s.Il, dj 

ikr 





These experiments may be further extended by using 9 
candles in place of the 4, in which case the ratio should 
be equal to 9 


Experiment 77.—To compare the powers of an electric 
lamp and a wax candle by using a shadow photometer. 

Apparatus —^ 25-watt tungsten, (or 8 c p carbon) electric lamp, lamp 
socket with flexible cord, ordinary wax candle, cardboard screen, retort 
stand, metre stick 

Method —Arrange the apparatus as in Fig 83 The rod of 
the retort stand should be about 10 cm. from the screen and 
the distance from the candle to the screen about 30 cm 
Darken the room and move the electric lamp until the two 
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shadows are of equal intensity. Best results will be obtained 
when the two shadows are quite close to each other 



Fig, 83 —Finding tho candle-power of nn clectnc lamp by means 
of the shadow photometer 

Measure the distance from the lamp to the screen carefully 
and then repeat the experiment with the candle at 35 and 40 
cm. from the screen. 

Tabulate your results as follows:— 


Candlxi to Screen 

Lamp to Screen 

f Lamp TO Scui.EN y 
VCandujto Scki I N/ 

POWI.U OP I AMP 
{\}i Ui i>f t audit ) 






Average Powmi 



Note —1 In performing this experiment care should bo taken to k(‘op 
the candle flame at the same height for tho dilTcrcut readings. 

2. AparafiSn block or a Bunsen grease-spot photometer may be 
used instead of the shadow photometer 

Experiment 78.—^To establish the law of reflection. (Tkxt- 
Book^ § 328.) 

Appara.ttjs —^As a mirror use preferably a strip of unsilvered thin plate- 
glass about 1 inch wide and 3 inches long. A microseopo shdo answers 
well* Blacken one face of the glass and then attach it to a roc (.angular 
block of wood, with the blackened face against tho wood. This may bo 
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done with passe-partout binding tape The reason for not iLsing a 
piece of ordinary mirror is that it is silvered on the back, while it is l)t*si 
to have reflection fiom the fiont suiface Sheet of paper on board. 

Method—1 Draw a straijrlit pencil-mark AB (Fig 84) 
aciOHS the sheet of paper, axnd lay the block on it so that 
the front face (which is the reflecting face) of the mirror is 
along this line. The face of the mirror should be perpendicular 
to the jpaper; when such is tlio case the paper in front of 
the mirror and its reflection in 
the minor apj>ear to bo one 
continuous plane. 

Stick a pin Q through tlio 
paper against the surface 
of tlie mirror and another pin 
P at some distance from Q in 
an oblique direction. Next 
close one eye and move the Fio SL—Arrangement for testing the law 

head slowly to tlie right until 

Q and tlie image of P appeal in lino Then insert the pin B 
so that Ji, Q and the imago of P are seen in a straight line 
(In doing this, sight at the level of the paper in case the pins 
are not exactly vertical) 

Remove the mirror and the pins, and with a fine pencil draw 
the lines PQ, Ji(2- Also, with a set-squaio or with compasses, 
draw tlie perpendicular QM to AB. It is evident from our 
experimenting that if PQM is the angle of incidence, RQN is 
the angle of reflection With a protractor measure each of 
these angles If a protractor is not at hand, with centre Q 
describe a circle cutting FQ and 72Q injp and r respectively. 
Join and measure rN with a millimetre scale. 

Repeat, with another position of P. 

In your note-book copy tlie figure on a reduced scale and 
mark the angles and lengths on it State your conclusion. 
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2 . Place the pin P directly in front of the mirror, first at 
a distance of 6 cm. from it (Fig. 86) Observe the image and 
move a second pin Q around behind the mirror until it coin¬ 
cides with the image (See “ Method of Parallax,” Text-Book, 



Fig, 85 —Finding the position of the image by parallax 

§ 328 ) Remove the mirror and join PQ Measure the angle 
which PQ makes with the line on which the mirror was placed 
and also the distance that the image is behind the mirror 
Repeat, making P = 6, 8, 10 cm, from the mirror. 

Tabulate results as follows*— 


Pin to Mikror 

Imagr to Mirror 

Angle between PQ anb Mirror 

5 cm 

6 

8 

10 




State your conclusion. 


Experiment 79.—^To show that when a mirror is rotated 
through an angle the reflected ray is rotated through twice 
that angle. 

AppARATtrs. —The same as in the last experiment (Fig 84 ) 

Method —First, adjust the pins P, Q and P as in the previous 
experiment Then turn the mirror about Q through an angle 
of about 5° and draw a line along its face to show its new 
iposition. Let this be Also find the new position of i2 

iiet it be P\ Then QR' is the direction of the new reflected ray. 
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With the protractor measure the angle between AB and A'S', 
and also between QR and QR'. (Fig. 86 ) 



Fig 86 — AB is first and is second position of mirror, 

QR IS first reflected ray and QR' second reflected ray 

Continue rotating the mirror through small angles and 
determining the direction of the reflected ray, and measure 
the angles in each case between the new position of the mirror 
and the first position, also between the new direction of the 
reflected ray and the first direction. 

Arrange your results in a table thus — 


Angle Turned Through 

HY Mirror 

Angle Turned Through 

BY Reflected Ray 




What conclusion can you draw? 

Experiment 80.—^To study the images in a plane mirror. 
(Text-Book, §§ 332, 333.) 

Apparatus:— A plane mirror and a penknife. 

Method —Stand the mirror on a table and place a penknife, 
with the small blade opened 90^ upright before the mirror 
Where does the image appear to be? Turn the open blade so 
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as to point towards the mirror. In what direction does the 
image point? Hold the right hand before the mirror. Which 
hand does it appear to be in the image‘s What name is given 
to this apparent changing of sides? 

Open both blades out fully and lay the knife on the table 
with the point of one blade touching the mirror. Where does 
the image appear to be? Continually increase the angle 
made with the mirror by the knife and note the image in 
each case. 

Lay the knife on the table 3 or 4 inches from the mirror. 
Note the position of the image. Turn the mirror through 
about 30°, and note the position of the image again 

Make drawings to locate the position of the image in all the 
above cases. 

Experiment 81 .—To study the images in parallel mirrors. 
(Text-Book, § 334) 

Apparatus — Two plane mirrors, candle 

Method ,—Place two mirrors vertically on a table parallel 
with, and facing each other, and place a lighted candle 
between them. Now look obliquely into one mirror just over 
the edge of the other. 



Fig 87—Showing many images produced by two mirrors I, JI, parallel to each other. 

How do you account for the large number of images seen? 
What limit is there to the number formed? Account 
for their positions in the same straight line? To answer 
this question draw the rays by which any three successive 
images are seen. 


IMAGES IN INCLINED MIBKOES 


91 


Experiment 82.—To study the images in inclined.mirrors. 
(Text-Book, §§ 335, 336 ) 

Apparatus —Two plane mirrors, candle, protractor. 

Method. —Place upright on a table two plane mirrors meet¬ 
ing at an angle of 90®. The angle can be determined by having 
the mirrors rest upon a sheet of paper on which is drawn a 
circle graduated in degrees, the line in which the mirrors meet 
being at the centre of the circle 

Stand a candle between the mirrors. How many images 
can be seen ? Make a drawing to locate the images, and also 
show on it how the light passes from the candle to the eye. 

Repeat the experiment with mirrors inclined at 60°, 46°, 
72° and 40° 

Experiment 83.—To find the radius of curvature and focal 
length of a concave spherical mirror. (Text-Book, §§ 342, 
343) 

Apparatus —Mounted concave mirror having a radius of curvature 
of about 50 or 60 cm , screen, lamp, metre stick 

Method, —1. Hold the mirror in the sunlight so that the 
rays fall directly upon it, and receive the image on the edge 
of a white card or a narrow strip of paper held m front of the 
mirror. Move the screen until the image is smallest and most 
distinct. The distinctness of the image can often be improved 
by using only the central portion of the mirror To do this, 
cut a round hole about 2 cm. in diameter in a piece of brown 
paper and place this over the mirror Having obtained the 
sharpest possible image on the screen, measure its distance 
from the vertex of the mirror. This is the focal length, which 
is one-half the radius of curvature. 
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2. If you caxmot use direct sunlight obtain the image of a 
bright window as far off as possible, or, still better, of a 
telegraph pole, chimney or tree outside the window. 

3, In a piece of card-board make a hole 6 or 7 mm in dia¬ 

meter, and across it stretch two black threads or pieces of fine 
wire(Fig 88). They 
may be held in 
place by wax or by 
a label pasted over 
their ends. Mount 
the card on an up¬ 
right so that the 
cross-threads are at — ^Finding the radiiis of curvature of a concave mirror 

the same height as the vertex of the mirror. Illuminate the 
threads by placing a strong lamp behind Now move the 
mirror so that a distinct image of the hole falls on the card¬ 
board just beside the hole itself. When this is the case the 
cross-threads are at the centre of curvature of the mirror. 
Measure the distance from the cross-threads to the vertex, 
this is the radius of curvature. 



4. By means of conjugate foci. 


Fig S9 — P is object and Q is image 


lip IS the distance of an 
object from the mirror, p' 
the distance of its image 
and r the radius of curv¬ 
ature (Fig. 89), then it can 
be shown (see page 151) that 



Use an electric lamp or candle as object and focus the image 
on a screen. Measure p andjp' for three different positions of 
the object and image. Calculate r in each case and average 
the results. 
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Experiment 84.— To study the positions and characteristics 
of the images produced by a concave mirror. (Text-Book §§ 
343, 344.) 

Appabattjs' —As in the preceding experiment; also two mounted hat-pins. 

Method .—1 Find the position of the image of the sun or 
of a tree or window as far away as possible. Measure the 
distance from the image to the mirror and note the character¬ 
istics* of the image. 

2. Using the candle or the lamp as object, find the position 
and characteristics of the image for two positions of the object 
beyond the centre of curvature (say at 160 and 100 cm. from 
the mirror). 

3. Find the position where object and image are equidis¬ 
tant from the mirror. Note carefully the size of the image 
and also its other characteristics. 

4. Find the position and characteristics of the image for 
two positions of the object between the centre of curvature 
and the principal focus 

5 Using a hat-pin stuck in a cork or a block of wood as 
object and a similar arrangement as ^finder,* find the position 
and characteristics of the image for two positions of the object 
between the principal focus and the mirror (Fig. 90) In this 



Fig 90 —^Findins the image of an object placed between the 
principal focus and the mirror 

case the method of parallax (Text-Book, § 328) must be used 
to locate the image. The finder should be placed behind the 
mirror and the part of it visible above the mirror should be 
aligned with the image as seen in the mirror 


♦Real or virtual, erect or inverted, enlarged or diminished 
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Tabulate your observations as follows*— 


Object to Mirror 

Image to Mirror 

Characteristics 

cm 

cm 



State your conclusions by filling in the following table, in 
which G stands for centre of curvature, F for principal focus 
and A for vertex of the mirror 


Concave Mibbor 


Position op Object 

Position op Image 

Characteristics of 
Image 

At infimte distance 

Beyond C 

Ate 

Between C and F 

AtF 

Between F and A 




Draw diagrams (Text-Book, § 344) to show how the posi¬ 
tion of the image can be located geometrically when the ob¬ 
ject is {a) beyond (7, (6) between O and (c) between F and A 


Experiment 85.—^To study the images produced by a convex 
mirror and to find its focal length. (Text-Book, § § 343, 344 ) 

Appakatus: —Mounted convex mirror having a radius of curvature of 
50 or 60 cm , piece of rather thick wire stuck in a cork or a piece of wood 
to act as object, hat-pin similarly mounted to serve as finder, metre stick. 

Method ,—1 Locate the position and note the characteris¬ 
tics of the images when the object is 150, 100 and 50 cm. from 
the mirror. The image is virtual and its position is found by 
the method of parallax. Place the object before the mirror 
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and then move the finder about behind the mirror until it co¬ 
incides with the position of the image When this takes place 
there is no relative motion of one to the other if the eye is 
moved from side to side. If difficulty is experienced on 
account of the smallness of the image, use the rod of a retort 
stand or the edge of a metre stick as object for the longer 
distances (Fig. 91). 



Fig 91 —Finding the image produced by a convex mirror 


Tabulate your results as follows-— 


Object to Mikror, p 

Image to Mirror, p * 

Characteristics 

150 cm 

100 „ 

50 „ 




Next, using the formula l/jp + Ijp' = 2/r (seepage 151), 
calculate the radius of curvature and the focal length of the 
mirror in each of the above cases, and take the average of the 
results. (Note that p' is negative, since the image is behind 
the mirror). 

2. Using a chimney, a telegraph pole, or a 2 in. x 4 in. 
scantling as far away in the room as possible, as an object ‘‘at 
infinity,” find the position of the image. Measure the distance 
between the finder and the mirror. This will approximate 
very closely to the focal length. Compare this result with 
that obtained by the method just described. 

State the conclusions you can draw regarding the images 
formed in convex mirrors and make a drawing to show how 
the image can be located geometrically. (Text-Book, § 344.) 
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Experiment 86.—^To find the index of refraction of glass. 
(Text-Book, §§ 348, 351.) 

Appaeattjs —^For this experiment we require a rectangular block of 
plate-glass about 1 5 cm. thick, 6 or 8 cm wide and of any convenient 
length. The edges should be polished, so that one can see from edge to 
edge through the glass Metric rule graduated to miUimetres, pins, paper 
on board. 

Method .—Draw a straight line AB on the sheet of paper 

and place the block so that an 
edge IS on the line (Fig, 92) 
Stick a pin upright at the 
point P against the edge of the 
glass plate, and another at Q 
against the opposite edge, so 
that the Hue joining P and Q 

is oblique to AB. 

From the direction 8 look with one eye along the paper 
through the glass at the pin P Slowly move the eye towards 

P, looking continually through the glass at the pm P To 
make sure that you are really seeing it, lay something on the 
top of the glass to hide the top of the pin. You will notice 
that the image seen through the glass is in a different direction 
from that seen over the glass 

Continue moving the eye, keeping it about a foot from the 
glass block, xmtil the ^mage of pin P is just hidden behind pin 

Q. Then place a pin R in the line from the eye to Q,ie , the 
pin P, the pin Q and the image of pin P all appear in a 
straight line. Sight at the level of the paper in case the pins 
are not precisely vertical 

Now remove the glass and the pins, and draw the lines 
PQy QR and the perpendicular to AB at Q (Fig 93). It is 
clear that the light which travelled along PQ in the glass, 
upon being refracted into the air, travelled along QP. 
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With centre Q describe a ciicle cutting the lines FQ, QR in G 
and jD, respectively, and drop per¬ 
pendiculars Cm, Dn. Then the 
index of refraction from glass to 
air is the ratio Cm/Z)>i, while that 
from air to glass is DnlCm, the 
inverse of this. Measure these 
distances with a mm scale and 
calculate to two decimal places 
the value of JQ^^/Cm. 

Pig 93—The ratio of 2>n to Cm, ■which 

Repeat the experiment, taking 
three or four positions for P, not from air to glass 

changing 

With a protractor measure the angles PQti, CQm, in each 
case, and using the table on page 162, calculate to two decimal 
places the ratio of their sines 

Arrange your results in the following table, and take the 
mean of your values for the index of refraction 


Dn 

Cm 

DnJCm 

LDQn 

LCQm 

SxnLDQn. 

S%n L CQm 





■ 


Average 


Average 



State the First Law of Refraction 


Experiment 87.—To trace the course of light through a 
prism and to find the angle of deviation. (Text-Book, § 359 ) 
Apparatus —Pnsm, drawing-board, pins, protractor. 

Method .—Place the prism on a sheet of paper on the 
drawing-board and with a fine pencil draw lines along the 
sides AB and AG (Fig. 94) 
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Place a pin at R, about three inches from the prism, and 

another at P, close to 
the prism Then look 
into the side AG and 
align two more pins Q 
and 8 with R and P as 
seen through the prism 

Pia 94.—^Tracing the course of light through a prism, doing thlS Sight at 

the level of the board in case the pins are not absolutely 
vertical. 

Next remove the prism and produce RP to meet AB at D 
and SQ to meet AC dA E It is evident that RD is an inci¬ 
dent ray, E8 is the corresponding emergent ray and DE is 
the path of the light through the prism. 

Measure the angle T08 between RD the initial direction 
and OS the final direction of the light. This is the angle of 
deviation. 

Eepeat the experiment by varying the inclination of the 
ray RD, This can be done conveniently by leaving R in its 
original position and moving P to a new position. 

Find the least value of the angle of deviation. 

Note —The angle of deviation is a minimum when the triangle ADE 
is isosceles. 

Experiment 88*—^To find the focal length of a converging 
lens* (Text-Book, § 365.) 

Apparatus —Converging lens with a focal length of 15 or 20 cm , can¬ 
dle or carbon filament lamp, screen, metre stick 

Method —1. Hold the lens in direct sunlight, receiving the 
image on a screen made of a white card or of ground glass 
Move the screen back and forth until the image is as small and 
bright as possible. Then measure the distance from the 
screen to the centre of the lens* This is the focal length 
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In the absence of the sun get the image of a bright window 
or of any bright object at a considerable distance—5 or 6 
metres 

Make several adjustments for focus, measuring the focal 
length each time. 

2. Adjust the candle (or incandescent lamp) and the screen 
until the image is distinctly formed on the screen when the 
candle and the screen are equidistant from the lens When 
this IS the case each is distant from the lens twice the focal 
length of the lens. Compare the sizes of object and image. 

3, By conjugate foci. Place the candle at any distance 
from the lens and adjust the screen on the other side of the 
lens until the image is distinct. Let the distances of 
object and image from the middle of the lens be p and p\ 
respectively Then it can be proved (see page 161) that 
1/p' —l/j9 = l//, where / is the focal length. Measure the 
distances p and p' and calculate /. (Observe that p is “4- 
and p' is “ — Should f come out “or “ — *'?) 

Repeat this experiment several times, using different values 
of p, and take the average of the values of / calculated. 

Make drawings showing the path of the light in all the 
above cases 

Experiment 89.—To study the positions and characteris¬ 
tics of the image produced by a converging lens. (Text- 
Book, § 365 ) 

Apparatus —Converging lens, candle or incandescent lamp, screen, two 
hat-pms stuck in corks, metre stick 

Method —1. Find the position of the image of the sun or 
of a tree or window as far away as possible. Measure tlie 
distance from the image to the middle of the T@ns**-a¥id note 
the characteristics of the image. 
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2 TTsing the candle or lamp as object, find the position 
and characteristics of the image for two positions of the object 
hey and twice the focal length (say at 150 cm. and 100 cm 
from the lens). 

3. Find the position where object and image are equidis¬ 
tant from the lens. Note carefully the size of the image and 
also its other characteristics 

4. Repeat for two positions of the object between the 
principal focus and the point at twice the focal distance 
from the lens. 

5. Using one hat-pin as object and the other as finder (Fig. 
95), find the position and characteristics of the image for 



Fig 95 —^Finding the image of an object placed between the lens and its principal focus 

two positions of the object between the principal focus and 
the lens. In doing this be careful to look at the finder over 
the lens, disregarding its image as seen in the lens. (The im¬ 
age is farther away from the lens than the object and is on 
the same side of the lens). 


Tabulate your observations as follows:— 


Object to Lens 

Image to Lens 

Chabactbristics 
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State your conclusions by filling in the following table*— 


Position of Object 

Position of Image 

Characteristics 

At infinite distance 
Beyond 2/from lens 

At 2/ from lens 

Between f and 2/ from 
lens 

AtF 

Between F and lens 




Experiment 90.—To study the images produced by a 
diverging lens and to find its focal length. (Text-Book, §§ 
365, 368 ) 


Apparatus —Diverging lens (foeal length about 25 or 30 cm ), hat-pm 
in cork to act as finder, thicker wire to act as object, metre stick 

Method —1 Locate the position and note the character¬ 
istics of the image when the object is 150, 100, 50 and 25 cm 
from the lens. To do this, place the finder between the object 
and the lens and adjust the finder as seen over the lens 
until it coincides with the image of the obj'ect as seen through 
the lens (Fig. 96) 



Fig 96 —Locating the image produced by a diverging lens 


Tabulate your results as follows — 


Object to Lens, p 

Image to Lens, p' 

Characteristics 

150 cm 

100 „ 

50 u 

25 
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Now use the formula, — i'/p=-?//, to determine the value 

of/from each set of readings and average the results. Here 
and / are all measured in the same direction and if p 
and are taken as +, / should be + also. 

2. Locate the image of an upright stick (telegraph pole, 
chimney) at least five metres away. Measure the distance 
from the image to the lens. Compare this result with that 
obtained in (1). 

State the conclusions you can draw regarding the images 
produced by a diverging lens. Make a drawing to show how 
the image can be located geometrically (Text-Book, § 368 ) 


Experiment 91.—To find the focal length of a diverging 
lens (second method). (Text-Book, § 367 ) 

Appabatus —diverging lens and a converging lens of shorter focal 
length. 


Method —First determine the focal length of the converg¬ 
ing lens by one of the methods given in Experiment 88. 
Then find its power in dioptres by dividing 100 by the focal 
length in cm 



Fig 97 —Finding the focal length 
of a concave lens by combining it 
with a convex lens 


Next, put the two lenses close 
together (Fig. 97) and find the 
focal length of the combination 
by the same method. Calculate 
the power of the combination 
also. 


Finally calculate the power and focal length of the diverging 
lens as in the following numerical example — 


Focal length of converging lens 20 cm. 

Power of converging lens 5 dioptres 

Focal length of combmation . . 50 cm 

Power of combmation . 2 dioptres 

/. Power of divergmg lens . = — 3 dioptres 

Focal length of diverging lens,.. , ,, = — 33i cm 
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Experiment 92.—To find the magnifying power of a simple 
microscope. (Text-Book, § 388 ) 

Appabatus —Simple microscope held on a retort stand, a millimetre 
scale A linen tester is the most convenient form of microscope to use. 

Method —The simple microscope consists of a single con¬ 
verging lens or of several such lenses combined. In using it 
the eye is placed close to the lens, and the object to be 
examined is moved up until it is seen with the greatest dis¬ 
tinctness. The ratio of the size that the object then appears 
to have to the size it appears to have when held at a distance 
of 25 cm. from the naked eye is called the magm/ying 
power or magmfication 

A convenient method of working is as follows. Lay a 
millimetre scale S on the base of a retort stand and hold the 
magnifier in a clamp at a height of 
25 cm. above the scale (Fig 98) 

Under this arrange a card G in which 
a square aperture has been cut The 
breadth of the aperture may conveni¬ 
ently be about one-fourth the focal 
length of the lens. Measure the 
breadth carefully with a millimetre 
scale. Now bring the eye close to L 
and adjust the card G so that it is 
seen through the lens distinctly. 

Then, keeping both eyes open and having one close to the 
lens, observe the hole in the card through the lens with one 
eye and the metric scale directly with the other eye, and note 
the number of millimetres of the scale which correspond to 
the width of the hole Divide this number by the number of 
millimetres in the width of the hole and the quotient will be 
the magnifying power. 








Fia 98 —Finding the magiufi- 
cation of a reading lens 
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la Fig 99 is shown a linen tester It will take the place 


of lens L and card G, 



Next, measure the focal length/cm. 
of the lens—which will be the distance 
from the card to the middle of the lens 
—and see how closely your observed 
value of the magnifying power agrees 
with the theoretical value 25// 


•^Experiment 93.—To find the magnifsring power of a tele¬ 
scope. (Text-Book, § 390) 

Appaba-TUS —^A small telescope or ‘'spy-glass,a metre stick 

Method —Place.a metre stick, on which the divisions are 
clearly marked, at the far end of the room. At the near end 
have the telescope held in a stand of some kind. Turn the 
telescope on the scale and focus it so that the divisions are 
seen distinctly. Now open both eyes, and look along the 
telescope with one, through it with the other. 

At first it will probably be difficult to get clear images in 
the two eyes at the same time, that seen through the instru¬ 
ment appearing so much nearer But by imagining that 
image to be at the far end of the room, and focussing the 
telescope with that idea in mind, after a little practice you 
will be able to see both clearly at the same time 


Adjust the direction of the telescope until the image seen 
through it is in line with the scale seen directly, and then 
observe the number of divisions seen through the telescope 
which correspond to the entire metre stick. 

The magnifying power is the ratio of the total number of 
divisions on the scale to the number in the image which 
seem to cover it. 


It will be advisable sometimes to have a scale longer than 
a metre, and a second student can assist by putting two bands 
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of white paper about a stick and then, following instructions 
from the observer, move them apart until the space between 
them appears to cover the entire stick. In such a case the 
stick need not be graduated. 

*Experimeiit 94.—To construct an astronomical telescope. 
(Text-Book, § 390.) 

Apparatus —^For this experiment we require two converging lenses, one 
having a focal length of 50 or 60 cm , that of the other bemg 3 or 4 cm 
A convenient object to observe is a printed poster at the far end of the 
room. An incandescent lamp also forms a good object to look at. 

Method —Both lenses should be mounted on adjustable 
stands. Set the long-focus lens on a table facing the poster, 
and from some distance behind, look through the lens An 
inverted image of the 
printing will be seen, 
on that side of the 
lens next the obser¬ 
ver. Move a knitting- 
needle on a stand 

Fig 100—model of an astronomical telescope. 

until it coincides with 

the image of the printing. To make sure that it really does 
coincide with it move the head from side to side, if the coin¬ 
cidence is exact there will be no motion of one with respect 
to the other. (Method of parallax.) 

Next place the small lens in line with the other lens and 
the needle, and adjust it so that an eye close to the lens sees 
the needle distinctly (Fig. 100). 

Now remove the needle, and a magnified inverted image 
of the printing should be seen 

*Experiment 95.—To construct a Galilean telescope or 
opera-glass. 

Apparatus —^In the ordinary opera-glass the objective is a converging 
lens, as in the ordinary telescope, but the eye-lens is divergmg Use a 
convex lens of 50 or 60 cm. focal length and a concave lens with focal 
length of about 5 cm. 
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Method .—^As in Experiment 94 obtain an image of the 
object through, the long-focus lens, and adjust the knitting- 
needle to coincide with it. 

Then place the concave lens between the needle and the 
larger lens at about its focal length from the needle. Remove 
the needle and place the eye close to the concave lens The 
image will be seen at once, and a slight adjustment of the 
concave lens will make it distinct. 

^Experiment 96.—^To construct a compound microscope. 
(Text-Book, § 389.) 

Appabatus* —^For this experiment use two similar convergmg lenses of 
about 3 or 5 cm focal length and 1 cm or more in diameter. Through 
two corks bore holes a little smaller m diameter than the lenses, and fasten 
a lens to each cork by wax Mount the two corks on stands Tack a 
paper with small pnnt on it upon a screen; this will act as object 

Method —Approach one lens towards the paper until it is 
about double its focal length from it (Fig. 101). A real in¬ 
verted image will be formed; adjust a mounted knitting- 



needle to coincide with it. Next, adjust the second lens so 
that an eye close behind it sees the needle clearly. Then 
remove the needle, and a magnified image of the print should 
be seen. 

If the print is brought nearer the first lens (the objective), 
the eye-lens must be moved farther away and the magnifica¬ 
tion will be increased; but this must not be carried too far or 
the image will become much distorted and indistinct. 
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Instead of holding the lenses on separate stands, the corks 
may be inserted in the ends of a tube about 4 or 6 times 
as long as the focal length of a lens This can be used as 
a compound microscope. 

^Experiment 97.—To study the spectrum. (Text-Book, §§ 
379-383.) 

Apparatus. —^The only satisfactory apparatus to use for these experi¬ 
ments IS a spectioscope One “with a single prism (Pigs 102, 103), or a 
direct-vision instrument will be quite satisfactory 

Method .—1 Continuous spectTum. Place before the slit 
of the spectroscope a gas-flame, a candle, an oil-lamp or an 
electric light. Focus the instrument so that the edges of the 
spectrum are seen distinctly. Describe the spectrum in each 
case. Is it equally long in every instance? Try the effect of 
widening and narrowing the slit. 



Fia 102 —A smgle-prism spectroscope. Fig 103 —A horizontal section of a 

single-prism spectroscope 

2. Bright-l'ine spectra Have a Bunsen flame (or spirit 
lamp) a few inches in front of the slit of the spectroscope 
Do you see any spectrum? While you are looking through 
the instrument let another student hold in the flame a piece 
of asbestos wick which has been soaked in a solution of 
sodium carbonate (washmg soda). Describe the spectrum 
produced Next try a solution of sodium chloride (ordinary 
table salt). Any difference? 
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Now try pieces of asbestos which have been dipped in 
solutions of the chlorides of lithium, thallium, strontium, 
calcium. Describe the spectrum seen in each case. In any of 
these latter substances did you see a yellow band like that 
seen with sodium? If so, can you explain how it got there? 

3. Absorption spectra. Place before the slit of the spectro¬ 
scope a very intense source of light, such as the oxy-hydrogen 
limelight or the electric arc light. The spectrum seen is 
continuous. 


Between the intense source and the slit hold (1) a piece of 
ruby glass, (2) a deep blue glass, (3) a vessel with plate-glass 
sides having a dilute solution of permanganate of potash in 
it. Describe the spectrum in each case 




Next, between the 
source and the slit 
place a Bunsen burn¬ 
er, and in the flame 
hold—on asbestos or 
in a metal spoon— 
some sodium salt, or, 
better, some metallic 
sodium ( Fig. 104 ). 
We might naturally 
expect that this intense yellow flame would add to the yellow 
in the spectrum, but quite the reverse happens. There will 
appear a dark line in the yellow. Hold a screen between the 
source and the Bunsen flame, and the bright yellow line 
appears again. 


Fig. 104 —Li^t from the arc lamp passes through 
sodium vapour m the Bunsen flame and is then exam¬ 
ined by the siieetroscope A dark band in the yellow 
IS seen The sodium vapour comes from the asbestos 
wick which has been soaked in a strong solution of 
common salt and is then held m the Bunsen flame. 


Thus sodium vapour emits yellow light, the spectrum of 
which is a single line,* but when light from a hotter source 
passes through incandescent sodium vapour, so much of the 

*In a more powerful spectroscope it will be found that there are really two hnes close 
together. 
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yellow light is absorbed by the vapour that the lines appear 


Pia 105.—Showing some of the ‘dark lines’ in the 
spectrum of sunlight 

properly focussed, and using a narrow slit, a great number of 
dark lines are seen (Fig. 105) These are due to absorption 
Can you suggest where the absorption takes place? 

Describe all the experiments, with diagrams of the spectra, 
in your note-book. 
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dark in contrast with 
the bright back¬ 
ground. 

Point the spectro¬ 
scope at the sun or at 
a bright cloud. When 



Pakt VII —Electricity and Magnetism 

Experiment 98.—^To study the field about a magnet. 
(Text-Book, § 400.) 

Apparatus —bar-magnet, a jeweller’s compass, sheets of paper pre¬ 
ferably about 30 cm square though foolscap will do. 

Method —Place a sheet of paper on the table, and lay upon it 
a bar-magnet 15 or 20 cm. long, the iNT-pole of the magnet 
being towards the north (Fig 106) With a sharp pencil draw 
a line about the magnet 

Place a jeweller's compass 
(with needle about 1 cm. 
long) at the north-east point 
of the magnet—at the point 
marked 1 in the figure—and 
with a pencil put two dots on 
the paper close to the compass 
case, such that the line join¬ 
ing them is directly under 
the needle Then place the 
compass so that the >S-end of 
the needle is over the farther- 
out dot, and make another 
dot at the iV'-end again. 
Continue obtaining dots in 
Fig 106 Plotting the field of a bar-magnet this Way Until the COmpasS 

arrives at the edge of the paper or back at the magnet 
again INow draw a curve passing through all the dots and 
mark arrow-heads on it to indicate the direction in which 
the -V-pole of the compass pointed. 

Then start at the point marked 2 in the diagram and ob¬ 
tain another curve in the same way Continue this, beginning 
at other points on the magnet, until you have made the com- 
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plete circuit of the magnet. In this way curves are obtained 
running from every portion of the magnet These curves in¬ 
dicate the direction of the lines of force 



Fig. 107—Plotting tho field of force between the magnets 
—(a) unlike poles, (6) like poles. 


Next, place two bar-magnets so that their axes are in the 
same straight line, the >Si-pole of one being about four inches 
from theiV^-pole of the other (a, Fig 107) and plot the field of 
force in the same way, paying particular attention to the 
region between the two unlike poles. 

Repeat with the magnets placed so that two like poles face 
one another (6, Fig. 107.) 


Experiment 99.—To study magnetic fields of force by 
using iron filings. (Text-Book, § 400 ) 

Apparatus — Two bar-magnets, a horse-shoe magnet, iron filings, sheet 
of cardboard. 



Fig 108 —^Field of foroe of a bar-magaet. 

kept level by small pieces of wood. 


Method —Lay the 
piece of cardboard 
over the bar-magnet 
and scatter iron filings 
evenly, but not too 
thickly, over it This 
may be done by means 
of a pepper-box or a 
bag of muslin held 
about a foot above the 
magnet. Tap the card 
with a pencil to assist 
the filings to arrange 
themselves (Fig 108 ) 
The card should he 
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In addition to the above, obtain figures with the filings in 
the following cases •— (a) Two bar-magnets with their axes in 
the same line, and having unlike poles facing each other. 
(6) The same, with like poles facing each other. (c) Stand a 
magnet on end and rest the cardboard in a horizontal plane 
on a pole, (d) A horse-shoe magnet 

Sketch in your note-book the figures shown by the lines of 
force in the above five cases. 

Note. —Magnets must be handled carefully. Jarring them or touching 
hke poles together weakens the magnetism. They should be kept well 
apart, with the N-poles pointing downwards; or arranged in pairs with 
opposite poles near together, and a soft-iron keeper across them 

Experiment 100.—^To study the nature and properties of 
magnets. (Text-Book, §§ 398, 404, 406.) 

Apparatus —^Kiutting-needle, file, bar-magnet, compass, iron filings, 
pieces of iron rod, glass tube fitted with corks, Bunsen burner 

Method —1 Effect of hreak^ng a magnet With a three- 
cornered file score a knitting-needle at points approximately 
i* h length from one end. Then magnetize it by 

stroking it with one pole of a bar-magnet. Test its polarity 
by approaching each end to a compass needle. Mark the N- 
pole by melted paraflB.n wax, or by sticking a bit of paper to 
it with soft wax. 

Pour some iron filings on a paper, and immerse the needle 
in them. Then lift it up and note to what part of it the 
filings cling. Are there any at the middle ? Do you think 
the needle is magnetized at the middle? 

Now break the needle in half, and test the freshly-broken 
ends with the compass needle, and also with the filings Was 
the needle magnetized at the middle? Break one of the pieces 
in half again, and repeat the tests. If possible, break again 
and test. 

Next, fill a glass tube about ^ inch in diameter and 6 inches 
long with iron filings, stopping each end with a cork. Test 
this with the compass. Does the tube show any polarity? 
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Now stroke it from end to end, always in the same direction, 
with one pole of a magnet, and test again with the compass. 
Does it exhibit polarity now? Shake it up thoroughly and 
test again 

state fully what you have observed What conclusion 
would you naturally reach as to the magnetic properties of the 
molecules of iron? 

2. Effect of heating a magnet Dip a piece of magnetized 
knitting-needle in iron filings. Then heat ifc to redness in a 
Bunsen flame and try with the filings again Record the 
result. What effect has heating upon a magnet? 

3. Magnetization hy Induction Hold a piece of soft-iron 
rod, about J inch in diameter and 6 inches long, near some 
iron filings. Does it attract them? 

Next, hold one end of it near one pole of a strong magnet 
and approach the other end to the filings Do they adhere 
Remove the magnet Does this affect the filings? Carefully 
test with a compass if the iron rod shows any polarity at all. 
If it does, hold it m an E and W direction and strike it several 
times Then test again. What do you conclude as to the 
condition of a piece of iron when it is placed in a magnetic field? 

Take a rod of soft iron or 2 feet long (a poker will do), 
and, holding it in an E and W direction, test with the compass 
whether it exhibits polarity. (Test for repulsion) If it 
does, hold it pointing E and W and strike ifc sharply several 
times Test again 

Then hold it in an almost vertical direction, with the 
upper end tilted a little to the south, and strike it with a 
hammer several times. Now test for polarity, in doing so, 
hold the rod in a vertical direction. Does it show polarity? 
Which end is the JV-pole? Can you account for its magneti¬ 
zation? Repeat, reversing the ends of the rod. 
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Can yon draw any conclusion as to the probable arrange¬ 
ment of the molecules of iron in a magnetized and in an 
unmagnetized rod? 


^Experiment 101.—To study electrical attraction and repul¬ 
sion. (Text-Book, §§ 414-416.) 

Apparatus —^Rods of glass and sealing-wax (or ebonite); pith-ball, 
suspended by a silk fibre; pieces of silk (best quality) and flannel; wire 
stirrup 

Method .—Bring the glass rod near some bits of thin paper 
or saw-dust or bran. Do you observe any 



Fia 109—A pith- 
ball on the end of a 
silk thread drawn 
towards the electri¬ 
zed rod 


action? Try with the sealing-wax. What 
result? 

Rub the glass with silk and try again 
Then rub the sealing-wax with flannel and 
try it. What results in these two cases? 

What is an electTijied body? 

Rub the glass and bring it near a pith-ball 
(Fig. 109 ) What action? Allow the pith-ball 
to touch the glass. What results? Bung the 
rod near it again What effect? 


Rub the pith-hall between the fingers and also rub the 
hand over the sealing-wax Bring the sealing-wax near the 
pith-ball. Any effect? Rub the sealing-wax with flannel and 
bring it near the pith-hall What result*? Let the pith-ball 
touch the wax. Does it remain in contact? Bring the wax 
near it again. What action do you observe*? Next lub the 
glass with silk and bring it near the pith-ball What efiect? 

Next, rub the glass rod with silk and suspend it in a stirrup 
supported by a silk thread. Then rub the sealing wax with 
flannel and bring it near the glass rod. What action do you 
observe? 


State the law of electrical attraction and repulsion. 
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Experiment 102.—To study the action of an electroscope* 
(Text-BooKj §§ 419-422, 435.) 

Apparatus —Simple electroscope (Fig. 110); ebonite rod, sealing-wax; 
glass rod; piece of silk, sheets of mica, ebonite and glass; two metal plates 
about 4 in. square mounted on wooden blocks 

Method —1. To charge the electroscope by con¬ 
tact 

Eub the ebonite on the coat-sleeve and bring 
it up to the electroscope and touch the plate with 
it. What happens to the leaves, (a) when the 
ebonite is being brought up to the electroscope, 

(b) when it is in contact with the plate, (c) when 
it is removed? What kind of charge is on the 
ebonite and what kind is on the electroscope 
after it is charged? 

2. To charge the electroscope by induction. 

Touch the electroscope with the hand, to remove any charge 
it may have Rub the ebonite again and bring it near the 
plate. What happens to the leaves? What charge is now 
on the plate and on the leaves? Touch the plate with the 
finger. What happens to the leaves? Remove the finger and 
take away the rod What charge is on the leaves now? 

3 To test the charge on rubbed sealing-wax and rubbed 
glass. 

Place a known charge ou the electroscope by using the 
ebonite rod (This can be done most easily by induction.) 
Rub the sealing-wax on the sleeve and bring it towards the 
plate slowly Do the leaves diverge still farther or fall^ 
What charge must the sealing-wax have? Rub the glass 
(previously dried by heating) on the silk and test its charge 
in the same way. 

4 To study the principle of the condenser. 

Connect the plate of the electroscope by a wire to one of 



Fra 110—A 
simple electro¬ 
scope 
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the metal plates and stand the latter on two pieces of 
sealing-wax or paraffin to insulate it from the table 



(Fig. 111). Join a wire to 
the other plate and connect 
it to a gas or water tap or 
keep the hand in contact 
with it. Place a charge on 
the electroscope and plate 
connected to it and then 
bring the earth-connected 


Fig 111 —^Arrangement to illustrate the action 
of a condenser Metal plates A, B, are attached 
to wooden blocks D, D, resting on paraffin blocks 


plate slowly up until only 
a few millimetres from the 


other What happens to the 


leaves? Remove the plate, what happens? Explain the action. 


Bring up the earth-connected plate again and note the 
position of the leaves Insert the sheet of mica between the 
plates. What effect has this on the leaves? Remove the mica 
and insert in turn the ebonite and the glass (previously dried 
by heating). Is the effect more or less pronounced? On 
what does the capacity of a condenser depend? 


Use the Electron Theory to explain what happened in each 
of the above experiments 


Experiment 103.—To study the magnetic effect of an 
electric current. (Text-Book, § 447 ) 

Apparatus. —^In this experi¬ 
ment we require a Darnell or 
other voltaic cell, a compass 
needle and connecting wires. 

The copper (or carbon) plate 
of the cell is said to be 
ponttve and the zinc negaUve, 

When these are joined by a wire 
the electric current is considered 
toflowfrom thepositive terminal, 
through the wire, to the negative ^^2 —showing that the elcctnc current 

tenmnal of the cell. needle 

Method .—Connect one end of the wire to the positive 
terminal of the cell, stretch the middle part of the wire 
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straight and hold it over the compass needle so that the 
current will pass from iV to iS' when the other end of the wire 
is joined to the negative terminal (Fig. 112). Complete the 
circuit long enough to note the etfect on the needle. Then 
disconnect and record the direction in which the iT’-pole was 
deflected, i e, whether to east or to west 

Next, hold the wire so that the current will pass from S to 
JV above the needle and again note the direction of the 
deflection. 

Now hold the wire under the needle and record the deflec¬ 
tion (1) when the current flows from N to S, (2) when it flows 
from S to JT, 

Make a loop in the wire and hold it so that one portion is 
above and the other below the needle. Record the deflection 
(1) when the current goes above the needle from IT to S, (2) 
when it goes from If to S below the needle. Is there any 
difference in the amount of the deflection as compared with 
that obtained without looping the wire? 

Place the compass on the edge of the table, or on a book 
standing on end, and stretch the wire in a vertical position 
near the JV'-pole of the needle Record the effect (^ e, the 
deflection) when the current is flowing down and also when 
flowing up 

Record your results as follows — 
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State the law connecting the direction of the current and 
the behaviour of the needle. (Text-Book, § 447 ) 

It is evident then that by observing the deflection of a 
needle held near a wire we can determine the direction in 
which the current is flowing. To test this, let one student 
change the connections of the battery, covering it up so that 
the terminals cannot be seen, and let another student deter¬ 
mine in which direction the current flows. 

Do you know any electrical instruments in which the action 
just investigated is applied? 

Next, explore more fully the field about a vertical wire 
carrying a current. Pass the wire through the centre of a 
piece of cardboard held horizontally. While the current is 
passing place a small compass needle near the wire. Allow 
the needle to come to rest, then remove it and mark on the 
cardboard a short straight line with an arrow-head on it to 
indicate the direction in which the A^-pole pointed 

Place the needle in various positions around the wire at 
regular intervals,in each position drawing a line to indicate 
the direction of the iV*-pole. If the work is done carefully it 
will be seen that the lines of force about the current are circles 

Experiment 104.—To study a single-fluid voltaic cell. 
(Text-Book, §§ 442, 447, 449.) 

Apparatus —^To construct a simple cell wo require a 
glass vessel, stnps of copper and zinc with copper wire 
soldered or otherwise securely fastened to them, and some 
clean diluted sulphuric acid (1 c c of strong acid to 20 c c 
of water) (In mixing, pour the acid slowly into the 
water, stirrmg contmually) 

For testing the cell use a galvanoscope, which may con¬ 
sist simply of several turns of insulated wire wound on a 
frame over a compass needle (Fig 114) When working 
Fig. 113 —A -with this instrument place it so that the coils of wire are 

Biniple voltaic n i j. j.i_ n 

ceU parallel to the needle 
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Method ,—Fill the glass jar with the dilute acid to within 
about 2 cm. from the top (Fig. 113) Rub the copper strip 
with sandpaper until that part 
which will be immersed in 
the acid is clear and bright. 

Place the zinc strip in the jar, 
and observe its surface for a 
few minutes. What change 
takes place in the appearance , Fig ii4—to make this eaivanoscope 

, Ac XTT T Vl - 11 wound several times about the 

of its surface? What is the frame and the ends are fastened to the 

binding-posts 

gas which is given off? Place 

the copper strip also in the acid, holding it parallel to the zinc 
and near it, but not touching it Does the presence of the 
copper in any way affect the phenomena just observed? 
Does any change take place in the appearance of the surface 
of the copper? Next, join the two copper wires to the 
terminals of the galvanoscope Observe and record what 
happens at each strip Note also the behaviour of the galvan¬ 
oscope needle. Tap the instrument gently to help the needle 
to overcome the friction on its bearing. 

Next, disconnect the wires from the galvanoscope, remove 
the zinc strip from the cell and amalgamate its surface by 
dipping it for a moment in mercury and then rubbing it over 
with a tooth-brush or a cloth (It will be convenient simply 
to substitute an already amalgamated plate for the other one.) 
Shake or wipe off all superfluous mercury and weigh carefully, 
but protect the balance-pan with a glass dish Replace the 
zinc in the cell. Be sure that no mercury touches the copper 
plate at any time. Observe and record the action now taking 
place at the surface of the strips. 

Again connect the strips to the galvanoscope, and observe 
the strips and the needle as before. Take observations of the 
deflection of the needle every minute for 5 minutes 
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If there is no decided change in the deflection during the 
5 minutes, take the copper strip out, rinse it and scour it with 
sandpaper. If the acid is in proper condition the strip will 
look bright when removed from the acid. Replace in the 
acid and observe for 5 minutes as before. After allowing the 
action to continue for about 10 minutes, remove the zinc, 
rinse off the acid and carefully weigh again Has there been 
any chemical action? 

Explain what is meant by local action and polarization 
How can these be prevented in cells? 

Experiment 105.—^To arrange a number of metals in an 
electromotive series. (Text^Book, § 464.) 

Apparatus —Galvanoscope or (preferably) a 0-3 volt voltmeter (Fig 

116), strips of zmc, copper, iron, 
lead, tin, aluminium, carbon, 
dilute sulphuric acid, tumbler or 
other glass vessel, connecting 
wires 

Method ,—Place the zinc 
and copper plates in the 
sulphuric acid solution and 
connect to the voltmeter or 
galvanoscope (Fig 116). (If 
the plates are not provided 
with terminals, a good 
enough contact can be made 
Fig 115 —convenient voltmeter. by pressing the Wires firmly 

against th.e plates ) Note the direction and amount of the 
deflection of the needle. 

Next, replace the copper plate in succession by each of 
the other plates. Note carefully the direction and amount 
of the deflection in each case, and from the direction of the 
deflection determine which plate is positive and which 
negative in each combination. 
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Bemove the zinc plate and 
test the different cells which can 
be made by taking copper in 
combination with the other 
metals, and so continue until 
every possible arrangement has 
been tested 

Recoid results as follows — 



116—Testing which plate is positive 
with respect to the other 



Arrange the plates tested in a potential or electromotive 
series. (Text-Book, § 464) 


Which arrangement gives the highest E M F ? What 
plates are used in a dry cell? 


Experiment 106.—To study a two-fluid voltaic cell. 
(Text-Book, § 470.) 

Apparatus —Material for a Daniell cell (glass vessel, porous pot, cop¬ 
per and zinc plates, coppei sulphate and dilute sulphuric acid solutions); 
galvanoscope 

Method ,—Put the zinc plate in the porous cup, and set it 
and the copper plate in the outer jar Pour into the porous 
cup dilute sulphuric acid (1 cc. of acid to 10 c.c. of water), 
and into the outer vessel pour a saturated solution of copper 
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sulphate (Fig. 117). Let it stand for a short time in order 
that the liquid may pass through the porous 
cup. Then join the plates to the galvanoscope 
and note the reading. 

Remove the copper plate, let it drip for half^ 
a-mmute (but do not wipe it) and then weigh 
it. Protect the balance-pan with a glass dish 
Replace it in the cell. Wipe the liquid from 
the glass dish on the balance-pan Lift the 
zinc from the acid, let it drip for half-a-minute 
and weigh it carefully. Put it back in the cell 
ofDameii^n wipe the liquid from the glass on the 

balance-pan 

Again join up to the galvanoscope, recording the time when 
you do this. Tap the galvanoscope slightly to assist the 
needle to reach its position of equilibrium, and when it has 
come to rest record its reading. 

Record the position of the needle every five minutes for 
twenty minutes. Then disconnect from the galvanoscope, re¬ 
cording the time you do so Weigh the metal plates again pre¬ 
cisely as before Calculate the amount each plate has lost or 
gained per minute of the time when the cell was in operation. 

The zinc plate should be amalgamated, but not immediately 
before the experiment. The mercury might drip off during 
the exercise, making the weighing of the zinc useless. 



Experiment 107,^To study the electrolysis of 
water. (Text-Book, § 463 ) l|ly 

Apparatus —Apparatus constructed specially for this exper- I \ mC 
iment may be used That illustrated m Fig 118 can be made y I 
by cutting off the bottom of a B m 

wide-mouthed bottle and then 

inserting platmum electrodes f iFtTIii i V UII 

through the cork. Pour melted vdsb C 

paraffin over the cork to insure |r 11|^ | i ! ' Mil L 

that it is water-tight and topi o- |j| ||| i 

tect it from the acid. l UI.! - 1.1111 1 B. 'yil U mn i iri&nm 

Nearly fill the vessel with di- x xx 

lute sulphuric acid (1 c c. of acid 
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to 40 c c of watei), then fill the test-tubes with the same liquid and 
invert them over the platinum electrodes 

Method —Join the apparatus to 2 or 3 dry or 3 or more 
Daniell cells, or any other suitable source of direct current, and 
allow the curient to run for some minutes. Trace the direc¬ 
tion of the curient The terminal by which it enters the 
liquid IS called the anode^ the one by which it leaves is 
the cathode Compare the volume of gas liberated at the 
cathode with that liberated at the anode. The former is 
hydrogen, the latter oxygen. 

When the hydrogen tube is full of gas, lift it out and immedi¬ 
ately bring a lighted match near its mouth. The gas puffs out, 
burning with a pale blue flame, a test for hydrogen When 
the oxygen tube is full, lift it and plunge a glowing splinter 
into it. The splinter bursts into flame, a test for oxygen. 

Experiment 108.—To study electroplating. (Text-Book, 
§ 457.) 

Apparatus —Tumbler, copper sulphate, copper plate, strip of iron, 
sandpaper, storage cell (or 2 or 3 dry or Daniell cells), rheostat 

Method —Fill the tumbler 
with a solution of copper 
sulphate (100 grams of cop¬ 
per sulphate to 600 c.c. 
water). For anode use the 
copper plate and for cathode 
the strip of iron (or a brass 
object) The object should 
be carefully cleaned by rub¬ 
bing it with sandpaper This usually is sufficient, but if nec¬ 
essary it should be dipped in a hot solution of caustic soda, 
rinsed in water and then dipped in dilute nitric acid 

Connect the battery, rheostat and electrolytic cell as shown 
in (Fig. 119). By turning the knob of the rheostat the strength 
of the current can be regulated. It should not be too great 
Let the current run for a minute. Lift the iron out of the 
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solution and examine it. Record any change Then let it run 
for 15 minutes The electrodes may be lifted out from time 
to time for examination. Record any changes observed. 

If possible, explain the chemical action which has taken place. 

Note.—I t will be observed that when a strip of iron is placed in a 
solution of copper sulphate it becomes coated with a thin layer of copper 
without the action of an electric current This is a purely chemical action 
To obtain a thick layer an electric current must be used 

Experiment 109.—To measiire the strength of a current by 
means of a copper voltameter. (Text-Book, § 456.) 

Appabatus —Copper voltameter, (Fig 
120) (Two pieces of sheet copper in a 
tumbler will serve); saturated solution of 
copper sulphate, storage battery or other 
suitable source of direct current; resis¬ 
tance; connectmg wires. (See notes below ) 

Method ,—Clean the cathode with 
sandpaper or emery cloth and care¬ 
fully weigh it Nearly fill the glass 
vessel with the solution and insert 
the anode and cathode so that they 
are the same distance apart at all 
points Connect the source to the 
resistance and voltameter as in Fig. 

121 and pass the current through Fig 120 —a copper voltameter 
the solution for 15 or 20 minutes, which time should be caie- 

fully obseived (The current 
should not exceed 1 ampeie 
for each 50 sq. cm. of cathode 
surface.) 

„ „ Remove the cathode, wash 

Fig 121—Connections when using a .1 j. , , 

voltameter P. N are the terminals of the it Under the tap Without rub- 
spurce of electricity, i a resistance and V. , 

the voltameter mg, dry it Carefully by holding 

it in the band in the heated air over a Bunsen burner and 
weigh it again. 
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Record your results and calculate the cuirent strength as in 
the following example. 

Initial weight of cathode .. 50 342 gm. 

Final weight of cathode .. 61 080 “ 

Time . . . .15 min 

738 

Current = 900X0 000328 “ ^ ® amperes 

Notes —1. A 32 c.p carbon filament lamp may be used with 110- 
volt direct current. The current in this case will be about 1 ampere. If 
a storage battery is used a 10-ohm variable resistance, such as is used in 
radio sets, or an automobile headlight lamp will be found suitable. 

2 If an ammeter is available it may be inserted in senes with the re¬ 
sistance and the voltameter to check the result obtamed by the voltame¬ 
ter method Be sure that you have the Tes%stance zn senes with the ammeter. 


Experiment 110.—To construct an electroltytic rectifier. 
(Text-Book, § 460.) 

Apparatus —Plates of lead and aluminium, jar containing saturated 
solution of borax, bank of three 32 c p carbon lamps in parallel, copper 
voltameter, source of alternating current. 

Method —Clean and weigh both plates of the voltameter 
carefully Connect apparatus as in Fig. 122. TT are the 
alternating current terminals, R is the rectifier consisting of 
the lead and aluminium plates in the borax solution, L is the 
bank of lamps and B is the copper voltameter 



Let the current run for 15 or 20 minutes, which time should 
be noted carefully. Remove the plates, remembering which 
one was connected to the bank of lamps, wash and dry care¬ 
fully and weigh them again. 
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Which plate has gained in weight*? Did the rectified current 
flow through the rectifier from lead to aluminium or the 
reverse? 

Calculate the strength of the rectified current as in Experi¬ 
ment 109 


Experiment 111.—^To construct a simple storage cell. 
(Text-Book, §§ 471, 472 ) 

Apparatus. —Two lead plates, jar containing dilute sulphuric acid, 
source of direct current, suitable rheostat, connecting wires, voltmeter (or 
galvanoseope), electric bell. 


Method .—Clean the lead plates with sandpaper and place 

them in the acid. Connect 
the apparatus as in Fig 123, 
adjusting the lamp or other 
rheostat so that about 1 
ampere flows through the 
lead cell. (If direct current 
is not available, a rectifier 
may be used with alternat¬ 
ing current) Observe the 
action at the plates while the current is flowing, noting any 
change in colour and also at which plate the greater amount of 
gas is liberated 



Pig 123 —^Arrangement for producing 
a storage cell 


After the current has flowed for about five minutes, discon¬ 
nect the lead cell and connect it to the voltmeter (or galvan- 
oscope). Note the reading, and from the direction of the 
deflection, state whether the anode or the cathode has become 
the positive plate of the storage cell. See if you can ring an 
electric bell with the cell Does it operate the bell long? 

Next replace the cell in the charging circuit and charge for 
15 minutes. Disconnect and test the voltage again. Is there 
any change? Does the cell operate the for a longer time? 
How are commercial storage cells constructed so as to have 
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great capacity? Examine a commercial celP if one is available 
State in simple terms the chemical action that occurs when 
the cell is being charged and when it is being used to furnish 
current 

Experiment 112.—To construct and study an electromagnet. 
(Text-Book, §§ 479-481) 

Apparatus —Insulated wire, iron rods, battery, compass, tacks 
Method —Wind insulated copper wire (No. 22 or 24) in a 
close spiral about two soft iron rods about 10 cm. long and 1 
cm in diameter Leave 15 or 20 cm of wire over at each end. 

Join the ends of a coil to a battery of 
one or more cells, and see how many 
tacks the iron will pick up Stop the 
current; how many tacks will it lift 

arrow-head on the curve now? 
the direction of the current ^ 

producing the pole Start the Current again, and with a 

compass test the nature of each pole. Then reverse the current 
and test the poles again. Look at the iV^-pole and trace in 
what direction the current is flowing Do the same for the 
;S-pole Record the directions as in Fig 
124. Put an arrow-head on the curve 
above the N and the S to show in what 
direction the now is in each case. diagram the direction of 

the current flow and the 

Next, join the ends of the two coils so resulting poianty 
that the two iron rods will act like a horse-shoe magnet. 
Draw a diagram (as in Fig 125, hut for the two magnets) and 
mark on it the direction of the current flow and the resulting 
polarity of the iron Test the attracting power of this double¬ 
magnet with small tacks. 

Name any electrical instruments in which electromagnets 
are used 

- ■■ - — ' - —. 

♦Small storage cells (caf. -y about 2 ampere-hours) are now constructed to serve as 
“B*' batteries for radio receiving sets These cells can be used in the laboratory in many 
experiments, instead of primary cells The cost is about twice that of a dry cell 




Fig 124—Indicate by 
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Experiment 113.—To study the construction and action of 
an electric bell. (Text-Book, § 488.) 

Apparatus’ —Electric bell, battery, compass needle, connecting wires 

Method —Connect the electric bell and push-button with a 
dry cell (or other battery), and examine the behaviour of the 
hammer as the circuit is closed Trace the current through the 
bell. 

With a compass determine the condition of the poles of the 
electromagnet as the hammer moves towards the bell and as 
it recedes from it. 

Explain what causes the hammer to go forward towards the 
gong and then to leave it. 

Examine carefully the construction of the bell 

Draw a diagram, including the bell, the battery and the 
button, which will clearly show its action Put arrows on it 
to show the course of the current 

*Experiment 114.—^To study the construction and action of 
a telegraph sounder and key. (Text-Book, §§ 483-487.) 

Apparatus —^Telegraph key, sounder, battery, connecting wires 

Method —Put together the parts of a simple telegraph key, 
sounder, and battery. 

Depress the key and watch the effect. Trace the current 
from one pole of the battery through the circuit to the other 
pole. 

Draw a diagram and mark on it the course of the current 
throughout the circuit 

Experiment 115.—^To study the use of a voltmeter and an 
ammeter. (Text-Book, §§ 492, 493.) 

Apparatus — Y oltmeter, ammeter, two Darnell cells and a dry cell, 
fuse wire, rheostat. 



USE OF VOLTMETER AND AMMETER 129 

Method —Connect the ammeter, rheostat, and dry cell in 
series as shown in Fig. 126, using the fuse wire to make one 
of the connections to the ammeter. Before completing the 

circuit make sure that the 
rheostat is set so that tlie 
current flowing through 
the ammeter will not exceed 
the range of the instru¬ 
ment*. The fuse is an 
extra safety precaution 

Fig 126—Arrangement of circuit A, am- Q-Pfav 
meter, V, voltmeter, R, battery, 12, rheostat alter tUO greatest p088%0Ce 

care has been taken Con¬ 
nect the voltmeter directly to the cell terminals and make 
sure that it is a voltmeter before connecting it Adjust the 
rheostat until the ammeter registers two or three amperes. 

Observe the readings on the two instruments. Let them 
remain connected for 5 or 7 minutes and note the readings on 
the instruments every minute. What causes the change in 
the current? Is it due to decreasing electromotive force or 
increasing resistance? 

Now substitute a Daniell cell for the dry cell and make 
similar observations for 5 minutes How does the Daniell cell 
compare with the dry cell as to E M.F., resistance, strength of 
current, constancy of current? 

Join two Daniell cells in series and observe the E M F, and 
current strength. 

Then join the two cells “in parallel*' and repeat the obser¬ 
vations. Compare the E M.F. and current strength with the 
values of these quantities in the last case 

*A low range ammeter must never be joined directly to a storage cell or a dry cell in 
good condition A new dry cell short-oircuited will furnish a current of twenty to thirty 
amperes and a storage cell much more This current will absolutely ruin a low range 
instrument 
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Experiment 116.—To study the currents induced by a 
magnet, (Text-Book, §§ 495, 496.) 

Apparatus' —^For thus experiment we require a fairly sensitive galvan¬ 
ometer or low range voltmeter, a spool of wire with many turns on it 
(800 or more), and a bar-magnet The spool must be hollow, such that 
the magnet may be thrust through it, and be wound in such a way that 
the direction of a current through it may be traced 

Method ,—First find the 
relation between the direc¬ 
tion of the current through 
the galvanometer and the 
direction in which its mov¬ 
ing coil is thereby made to 
swing. To do this j oin two 
wires to the galvanometer; 
wind the end of one of 
these about a piece of zinc, 
and then dip the zinc and 
also the bare end of the 
other wire into a vessel containing water with a drop of sul¬ 
phuric acid or a gram of common salt in it. This will form a 
weak cell, strong enough, however, to affect the galvanometer. 
If a voltmeter is used it can be connected directly to a dry 
cell (Fig. 127). 

Observe at which terminal the current enters the galvano¬ 
meter and the resulting direction—to right or to left—of the 
pointer. Record this in your note-book. Having done 
this it will be possible, by observing the direction of the throw 
of the galvanometer, to say in which direction the current 
flows. 

1. Now discard the cell and join the galvanometer wires to 
the ends of the spool of wire. Thrust the JV^-pole of the bar 
magnet into the spool of wire, at the same time watching 
carefully the galvanometer. Was a current produced*? How 



Fig 127 —Arrangement for studying the 
production of induced currents The galvano¬ 
meter should be far enough from the coil that 
it will not be affected directly by the magnet 
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long did it last? Such a current is said to be produced by 
induction. (If more convenient keep the magnet fixed and 
slip the spool over it) 

In what direction did the current pass through the galvano¬ 
meter? Trace the current through the spool 

When a current traverses a coil, the coil becomes an electro¬ 
magnet. Having determined the direction in which the 
current passed, find out which face of the spool was made a 
iV"-pole and which a /S-pole. Thus see whether it was a iV'-pole 
or a fif-pole which was produced as the JV"-pole of the magnet 
approached it. If it was a iV-pole, it would repel the magnet 
and thus tend to stop its motion. 

Repeat this experiment, thrusting the JV‘-pole in with 
different speeds. Does the rapidity of the motion make any 
difference in the current induced? 

2. Next, try similar experiments with a ^-pole. In what 
direction is the current induced when the fif-pole enters the 
coil? Which is now the iV’-pole of the coil? Does the coil 
repel or attract the >S-pole of the magnet as it approaches? 

3. Slowly push the JV-pole of the magnet into the coil and 
let it rest there. Allow the coil of the galvanometer to come 
to rest. Then quickly withdraw the magnet. In what direc¬ 
tion is the induced current? Does it oppose or assist the 
motion of the magnet? 

4 Perform similar experiments, using the ^-pole of the 
magnet. 

State a rule as to the direction of the induced current for any 
case of relative motion between a magnet and a coil of wire. 
(Lenz’s Law, TextvBook, § 496.) 

Experiment 117.—To study the currents induced in one 
coil by currents in another. (Text-Book, §§ 497, 498.) 

Apparatus —One coil, which is called the secondary^ should have many 
turns of wire and should be joined to a galvanometer or low range volt¬ 
meter The other, known as the prim%ryi should be small enough to shp 
within the former. One or two dry cells, a push-button. (Fig 128.) 
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Method, —1. Join the primary coil in series with a push¬ 
button and a battery of one or two dry cells By using a com¬ 
pass needle or by noting the way the coil is wound, determine 
which end of the coil becomes the iV^-pole and which the ^S'-pole 
when the button is pressed. Press the button, insert the prim¬ 
ary in the secondary coil and note the way the induced current 
flows; remove the primary and again note the direction of the 
induced current 



Fig. 128 —^Apparatus for showing that an electromagnet acts like a 
permanent magnet in inducing currents in a coil In place of the gal¬ 
vanometer a low range voltmeter may be used, and a push-button may 
be inserted in the primary circuit 

Does the induced current flow in the same direction as the 
primary current or in the opposite direction when the primary 
coil is inserted? How does it flow when the primary coil is 
withdrawn? Is this according to Lenz's Law? 

2. Next, place the primary coil inside the secondary and 
press the push-button Which way does the induced current 
flow? Break the circuit and again observe the direction of 
the induced current. When the primary circuit is completed 
does the induced current flow in the same direction as the 
primary current or in the opposite direction? How does it 
flow when the current in the primary is broken 

Reverse the connections to the primary coil and try these 
experiments again. 

3 Place a soft iron rod through the primary and repeat (2). 
Do you observe any difference in the results? 
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4 Eemove the primary from wathin the secondary, but 
keep both on the iron rod. Kepeat (2). Do you observe any 
difference from (3)? 

State a Law governing the direction of the current in the 
secondary coil as compared with the direction of the current 
of the primary. (Text-Book, § 498 ) 

Experiment 118.—To study the construction and action 
of an electric d3mamo and motor. (Text-Book, §§ 503-511.) 

Appakattts —St Louis motor (Fig. 129), complete with pennanent 
magnets and electromagnet and both A C and D C armatures; two dry 
cells or one storage cell, galvanometer or low range voltmeter 



Fig 129 —A St Louis motor. 


Method —1. Magneto Insert the A 0. armature and use 
the permanent magnets to supply the field, placing them so 
that the armature nearly touches them. Connect the brushes 
to the galvanometer and note carefully the action of the 
galvanometer as the armature is rotated slowly. In what 
position IS the coil when the induced current changes direction? 
Why does it change direction? Eotate the armature more 
rapidly. Is there any change in the induced current? 

2 D (7. Generator. Substitute the D 0. for the A. C 
armature and adjust the brushes so that they rest on the in¬ 
sulation between the commutator sectors, at which time the 
coil is in the position where the current reversed in (1). Kotatc 
the armature in a clockwise direction. Why is the current 
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now uni-directional or direct? Rotate the armature in the 
opposite direction. Is the direction of the current the same 
in both cases? Note the effect of increasing the speed of 
rotation. Alter the strength of the field by moving the bar- 
magnets to different distances from the armature while it is 
revolved at uniform speed. What is the effect on the E M.F.? 
On what factors does the E M. F. of a generator depend? 

3. D,0. Motor^ using permanent mag'nets to produce field 
Substitute the storage cell or two dry cells in series for the 
galvanometer and note the direction in which the armature 
rotates. Reverse the connections of the brushes and note 
again the direction of rotation. Add another cell to increase 
the current through the armature. What is the effect on the 
speed of rotation? Weaken the field by moving the bar- 
magnets farther away from the armature. Does the speed 
change? 




Eig 130 —Series-wound and shunt-wound motor 

4. Serx^-wound Motor, (Fig. 130 ) Use the electromagnet 
to produce the field instead of the bar-magnets Connect it 
iu series with the armature and battery and note the direction 
of rotation. Reverse the battery connections. Does the 
direction of rotation change? Explain. How could you 
reverse the direction of rotation of the motor? Try your 
method. 

5. SKunt~‘W 0 u/rid motor, (Fig 130) Connect the arma¬ 
ture and field coil in shunt and note the direction of rotation 
when the battery is connected to the brushes. Reverse the 
battery connections. What happens? See if you can work 
out a method for reversing the motor. 
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"^-Experiment 119.—To study the construction and action 
of the telephone. (Text-Book, § 515.) 

Apparatus —^Two telephone receivers, two microphones, two telephone 
transformers, two dry or storage cells, ammeter, connectmg wires 

Method —Join the two receivers together by wires several 
yards long (from one room to another). Hold one to your ear 
and see if you can hear words which a fellow-student speaks 
into the other. 

Remove the cap and diaphragm from one receiver and trace 
the circuit through it. (Be careful not to break the fine wires 
in the receiver ) What effect has speaking into it? How is 
this transmitted to the other end*!* Draw a diagram to show 
the connections. 

Next, join a dry cell in series with a microphone, the am¬ 
meter and the primary of one of the telephone transformers. 
Note the ammeter reading and then blow into the microphone 
or speak into it. What happens to the current as registered 
by the ammeter? 

Connect the secondary of the transformer in series with the 
two receivers and the secondary of the other transformer as 
shown in Fig. 131. Connect the primary of the second 



Fig 131.—Diagram of telephone circuit T, transmitter, 

M, carbon microphone, battery, A, step-up transformer, 

22, receiver. 

transformer to the other microphone and dry cell. You have 
now two stations and should be able to carry on a conversa¬ 
tion with your companion. (If the distances are short, it is 
more satisfactory to test the instruments by blowing into the 
microphones.) 
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Trace the transformations of energy, beginning with the 
sound-waves which cause the transmitter diaphragm to 
vibrate, and ending with the sound-waves received by the 
listener’s ear. 


Experiment 120.—^To measure resistance by using a 
voltmeter and an ammeter. (Text-Book, §§ 527, 531) 
Appabatus:—U nkaown resistance (not to exceed 20 ohms), low range 
^ -pv^A-^vww.AA/vwv^-(2>-j voltme- 


B 


■Q> 

E 


ter, rheostat, two dry or 
storage cells, heavy 
connecting wires * 

Method .—Connect 
the apparatus as 
shown in Fig. 132 
A is the battery, B the rheostat, O the unknown resistance, 
D the ammeter and E the voltmeter. 


H 


Fiff 132 —^Measuring the resistance of the wire C by 
means of a voltmeter E and an ammeter D 


Read the ammeter and voltmeter carefully and then move 
the slider in jB to a new position and repeat the readings. 
Obtain at least five sets of results, making sure that the tem¬ 
perature of the wire does not rise by any appreciable amount. 
Tabulate results as follows:— 


VonTMETEB HeaDINO 

Ammeter Beadino 

Ti 

Amperes 




Average 



If possible, use a wire whose length is known, and measure 
its diameter with a micrometer gauge. By consulting a table 
of resistance of wire of different sizes its resistance can be 
calculated (page 156). Compare this with your measured result 


"^Use a piece of fuse wire to make one of the connections to the ammeter. 
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Experiment 121.—To compare resistances by the method 
of substitution. (Text-Book, § 531.) 

Apparatus —Wires, ammeter, commutator (whicli however may be 
dispensed with), Daniell or storage battery The wires whose resistances 
are to be compared should, preferably, be wound on spools 
(Fig. 133 ) Use two pieces of German silver wire, No. 30, 

10 feet long and one piece of No 24,40 feet long (German 
silver IS a compound of copper, zinc and nickel, and it is 
very desirable that the larger wire should be of the same 
composition as that of the smaller ) Double the wire and 
wind it on a spool which has been soaked m hot paraffin, 
being careful not to have the two strands of the wire 
touchmg After winding on the spool dip (not soak) it in 
paraffin again 

Method ,—Join a Daniell cell B, the wire W, 
the commutator C7, and the ammeter Q as shown in Fig. 134 
Take the reading of the ammeter Reverse the commutator 
and obtain the reading on the opposite side of zero. Take 
the mean of these two readings 



Fia 133— 
spool with wire 
wound on it for 
measunng 
tance 



Fig 134 —Connections for finding the resistance of the wire W by 
the method of substitution 

Then remove the coil, and in its place put a resistance 
box, and adjust the resistance until the ammeter gives the 
same reading as before. The resistance now used must of 
course be equal to that of the coil. It will be convenient, in 
arranging the apparatus, to have a key, so that the battery 
may be put in circuit only when it is needed, and also to 
arrange the connections so that you can change from the coil 
to the resistance box very easily. Find the resistance of the 
three coils 

Next, find the resistance of the two coils of fine wire (1) 
when joined in series, (2) when joined in parallel 
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Repeat your measurements and take the mean of your 
results. 

The laws of resistance of wires state that the resistance 
varies (1) directly as the length, (2) inversely as the cross- 
section. (Text-Book, § 534.) Are these laws verified by 
your measurements? (Calculate from your measurements of 
the resistance of the coils singly what the resistance in series 
and in parallel should be, and state your results.) 

Note —For measuring high resistances a milli-ammeter or a galvano¬ 
meter should be used. 


Experiment 122-—To find the resistance of a wire by the 
Wheatstone bridge. (Text-Book, §§ 532, 533.) 

Apparatus: —Slide wire bridge (Fig 135), unknown resistance x, gal¬ 
vanometer or low range voltmeter ;Sf, resistance box R, dry cell T, key K, 
connected as shown in the diagram In place of the resistance box R a 
10-ohm coil can be used to measure resistances ranging from about 1 to 
100 ohms with a fair degree of accuracy 

Method .—Make an estimate of the resistance of x and pull 
out plugs in R corresponding to this number of ohms 

Make contact at H 
by pressing the slider 
H, and then press the 
key K. There will 
probably te a throw 
of the galvanometer 
needle. Vary the 
position of H until 

F,o 135 - Warn of a form of Wheatatoae bndge deflection 

when the contact is 
made If necessary, change the resistance in R until the bal¬ 
ance is obtained 
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Then measure a and h, the distances of H from E and F. 
From the principle of the Wheatstone bridge (Ohm’s Law) 

X a a _ 

from which x is at once obtained. 

For the best results a should not differ greatly from 6. 

Measure the resistance of an electric bell, a telegraph 
sounder, an electric lamp, or any other electrical appliance. 


♦Experiment 123.—To calculate the power required to oper¬ 
ate an electric toaster (or other electrical appliance). (Text- 
Book, §§ 643, 544.) 

Apparatus —^Toaster, ammeter (range 0-10 amperes), voltmeter (range 
0-150 volts), connecting wires, 10-ampere fuse, source of current (110 
volts) 

Method ,—Connect the apparatus as in Fig 136 and note 
the readings of the ammeter and voltmeter at one-minute 



Fig 136 —Finding the power required to operate an electric toaster 
A , ammeter V, voltmeter r, toaster 


intervals for five minutes. Multiply the number of volts by 
the number of amperes in each case to find the number of 
watts of power. Find the average power being used. 

Question. —If the toaster were kept m operation for two hours how- 
many kilowatt-hours of electrical energy would be used? What would be 
the cost at 5c per k. w. h ? 
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Experiment 124,—^To compare the power required to oper¬ 
ate a 32 c,p. carbon lamp with that required to operate a 60- 
watt tungsten lamp and to calculate the number of watts per 
c,p. in each case. (Text-Book, § 544.) 

Appaba-tits —32 c p carbon and 60-watt tungsten lamps in good con¬ 
dition, low range ammeter, 0-160 volt voltmeter, paraffin-block photometer. 

Method ,—Find the average power in watts required to op¬ 
erate each lamp by the method given in Experiment 123. 

Next darken the room and place the lamps on opposite 
sides of the paraffin-block photometer (Pig 137). Adjust the 
distances until the two blocks are equally illuminated and 
calculate the candle-power of the tungsten lamp on the assump¬ 
tion that the power of the carbon lamp is 32 c p * 

Find the number of watts per c.p. in each case 

Why are carbon filament lamps not used extensively for 
lighting purposes? 



Fig 137,—Comparison of a carbon lamp and a tungsten lamp 


**Experimeiit 12S.—To find the number of joules (watt- 
seconds) of energy required to develop 1 calorie of heat. 
(Text-Book, §§ 286, 546) 

Apparatus —Carbon lamp (8 or 16 c p ), 0-150 volt voltmeter, low 
range ammeter, calorimeter, thermometer. 

Method —Weigh the calorimeter, add enough water at a few 
degrees below room temperature to cover the glass part of the 
lamp when it is placed in the calorimeter and weigh again, 

^Standard 32 c p carbon lamps can be purchased, but the principle is demonstrated 
equally well by using an ordinary 32 c p. lamp 
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Connect the lamp, ammeter and voltmeter as in Fig. 138 and 
place the lamp in position in the calorimeter. Take the tem¬ 
perature carefully, note the time and turn on the current. 
Keep the water stirred with the thermometer and let the cur¬ 
rent flow until the temperature of the water is as much above 
room temperature as it was below at the beginning of the ex¬ 
periment. Note the 


readings of the 
voltmeter and am¬ 
meter every minute 
and calculate the 
average power in 
watts. Note the 
temperature and 
the time when the 



current is turned oft*. 


Calculate the number of calories of heat gained by the calo¬ 
rimeter and water and also the number of watt-seconds 
(joules) of electrical energy used Divide the latter by the 
former. 


The number of watt-seconds per calorie is called the Meehan- 
ical Eqmvalenfit of Heat 


**Experiment 126.—To test the power and the efficiency of 
an electric motor. (Text-Book, § 543 ) 

Apparatus —Small D C. electric motor (J to i h p ), source of direct 
current, ammeter (0-10), voltmeter (0-150), two spring-balances (0-1,000 
gm ), cord or piece of sewmg-maclime belt to actas brake,revolution counter 

Method .—Arrange tlie apparatus as in Fig. 139. Measure 
the circumference of the pulley in cm. and adjust the support 
which carries the balances until they register about 200 gm. 
Turn on the current and note the reading of the balances 
Hold the revolution counter against the end of the shaft of 
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the motor for 30 seconds and compute the number of revolu¬ 
tions per second Note also the readings of the ammeter and 
voltmeter. 



Next alter the 
initial tension of 
the balances and 
repeat the experi¬ 
ment. Do this for 
at least five read¬ 
ings, one of which 
should be a£ the 
rated speed of the 
motor, two below 

the rated speed (i 6 Fig 139 —^Testing an electric motor. 

with an over-load on the motor) and two above the rated speed. 


Tabulate results as follows*— 


Output 


Circump’bemce 
( cm ) 

1st Balance 
( gm.) 

2Nn Balance 
( gm ) 

Friction 

(dynes) 

Revs 
( per sec) 

Power 

(watts) 








Input 


Voltmeter 

(volts) 


Ammeter 

(amperes) 


Power 

(watts) 


stmon 
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For Output, 

Power (watts) = X Circum. ^(cm ) X Revs, (per sec.) 

For Input, 

Power (watts) = Volts X Amperes 

Then the efficiency = x 100%. 

Calculate the efficiency in each of the five cases tested. At 
what speed was the motor most efficient? What happened to 
the electrical energy which was not changed to mechanical 
energy? 

Find the h p, developed in each of the five cases. 

Note —The output of an A C motor can be determined by the same 
method, but to find the input another method must be used. 

♦♦Experiment 127.—^To test the accuracy of a watt-hour 
meter. (Text-Book, § 545.) 

Apparatus —Watt-hour meter*, ammeter (0-10), voltmeter (0-150), 
bank of lamps in multiple, electric toaster or other non-inductive appliance 
to serve as load, source of current (110 volts) 

Method ,—Connect the 110-volt terminals to the “line"’ side 



of the meter and join the ammeter in series with the bank of 


*Vied meters can often bo obtained from eleotrio light companies at a low' price. These 
are generally A C. instruments and must be used on the A.C mains, in which case the 
ammeter and voltmeter must also be A.C. instruments 
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lamps or toaster to the “load” side of the instrument The 
voltmeter is connected directly to the 110-volt terminals (Fig 
141) 

Read the meter carefully, note the time and turn on the cur¬ 
rent. Take readings of the ammeter and voltmeter every five 
minutes for at least 30 minutes. Note the time when the cur¬ 
rent is turned off and read the meter again. Calculate the 
average power in watts and from this the number ofk.wh of 
electrical energy used in the time the current was flowing 
Compare this with the change in the meter readings 

Tabulate results as follows:— 


Time 

Voltmeter 

Ammeter 

0 min 

volts 

amp 

5 

u 



10 

11 



15 

u 



20 

u 



25 

11 



30 

11 




Average power 


Calculated energy used . .. 
Difference in meter readmgs 
Error m meter. 










APPENDIX 

Information and Suggestions for Teachers 
Size op Classes 

Experience has shown that the most efficient way to teach 
laboi'atory physics in the secondary school is to have all the 
students perform the same experiment at the same time. In 
this case it is possible for a teacher to supervise a class of 
twenty-four, working usually in pairs. If the class is larger, 
it should be divided into two sections for laboratory work. 
Sometimes three or more are assigned to the same apparatus, 
but this is unsatisfactory, as those not actually doing the work 
generally become passive observers and lose interest in the 
experiment. Result* confusion and wasted time. 

Correlation op Laboratory Work and Class Recitations 

For the laboratory work to be of the highest value it should 
be closely related to the instruction given in class The ex- 
periment should he preceded and also followed hy class d%s- 
cussions The discussion which precedes each experiment 
should bring out the reason for the investigation, and in it 
the student should be encouraged to suggest possible methods 
of attacking the problem. The final discussion should em¬ 
phasize the results obtained, point out probable sources of 
error and show that the experiment is an essential part of 
the subject. 

How Much Laboratory Work? 

The most valuable experiments for individual work are those 
which demand actual measurements and which yield quanti¬ 
tative results. Simple qualitative experiments should ordin¬ 
arily be demonstrated by the teacher. 

Assuming that there are four periods devoted to physics 
each week, one of them should bo spent in the laboratory. At 
the rate of one per week the students will be able to cover 
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approximately fifty experiments in the two years spent in this 
course in the Middle School, 

If the work is planned well beforehand and the apparatus 
got in readiness, almost any experiment in this Manual can 
be performed in a single period. A high degree of 
accuracy in the quantitative results,though desirable in advanc¬ 
ed work, cannot be expected from students in this grade in the 
limited time available. On the other hand the teacher should 
promptly check any tendency to do careless work. 

Note-books 

These should be properly supervised; otherwise they lose 
much of their value. When well kept, they inculcate habits 
of neatness and orderly expression, and the act of recording 
the details of the experiment serves to fix in the student's 
memory the laws or conclusions developed in it. For the first 
two or three experiments the students will need some guidance 
in preparing their reports, but as soon as possible they should 
be left to their own resources, except for occasional suggestions 

Prompt correction of the reportSv.is necessary, especially at 
the beginning. Reports should not be allowed to accumulate, 
but should be examined and returned to the student so 
that he may, while the experiment is still fresh in his mind, 
learn wherein his procedure was unsatisfactory When loose- 
leaf books are used, the loose sheets containing the experiment 
may be handed in while the rest of the book is retained for 
any experiments which may be done before the reports are 
returned. 

A considerable portion of the term marks should be given 
for experimental work, and in valuing it neatness and punctu¬ 
ality, as well as accuracy and ability in handling the appara¬ 
tus, should be considered. 

Apparatus 

In equipping a laboratory a teacher always has difficulty in 
deciding what apparatus to buy first. A safe rule to follow 
is to consider carefully the tedching vaVwe of any piece of 
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apparatus before ordering it. For example, an optical disc 
will be used in more experiments than will a spectroscope, and 
if there is a choice between twelve low range voltmeters and 
an equal number of telegraph sets, one should not hesitate to 
choose the former. 

Poorly constructed apparatus should be avoided, even though 
its initial cost is less It will be a source of continual trouble 
and will not be economical in the end. Apparatus may be in¬ 
expensive and yet good, but cheap things should be viewed 
with suspicion, 

A fairly complete list of useful apparatus for experimental 
work by Lower and Middle School students is given below. 
The number of pieces is based on tlie assumption that there 
are twenty-four in the class 

LIST OF APPARATUS 
I. Measurement and Mechanics. 


spt. 

16, 

a 

1, 3, etc 

u 

3, 5, etc 

i< 

3, 5, etc 

tt 

29, 30 

(( 

29, 30 

t( 

29 

n 

7 

t( 

7 

if 

16 

if 

5, 6, etc 

it 

8, 9, etc. 

tt 

16 

it 

6, 6, etc. 

tt 

5 

tt 

11, 57 

tt 

11 

tt 

36 

tt 

38 

tt 

2, 4, etc. 


12 Metre sticks. 

24 12-inch rules (in and cm.). 

24 Callipers (inside and outside) 

24 Wooden cylinders (about 8 cm high X 5 cm 
diam ). 

12 Aluminium cylinders (7 cm high X 4 cm diam ) 
12 Iron cyhnders (5 cm high X 4 cm diam ) 

12 Pieces of gianite 

24 Pieces of glass tubing (about 15 cm long X 3 cm 
diam ). 

24 Rubber corks for above 

12 Sliding knife-edges to fit metre sticks 

12 Graduates (200 c c ) 

12 Balances with metric weights (should read to 1 eg ). 
12 Spnng-balances (0-1000 gm ) 

24 Overflow cans (about 500 c c ) 

24 Catch-buckets (about 200 c c ) 

12 Specific gravity bottles 

12 Hydrometers (such as used m battery testers), 

12 Flics (thice-corncred). 

12 Capillary tubes (1 metre long X 1 mm diam) 
Supply of squared paper. 
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Measttbement and Mechanics— Continued 


Expt. 6 
“ 9 

“ 31 

35 

36 

II. Sound. 

Expt 44 
“ 44 

“ 44 

“ 50 

“ 50 


24 Spheres for volume measurement 

24 Rectangular blocks of wood (about 4X5X6 cm ). 

12 Lead sinkers 

Supply of burned-out electric lamps 
12 Glass U-tubes (about 40 cm. high). 


12 Tumng forks (C 256) unmounted. 

12 Brass tubes for resonance (about 15 m long X IJin. 
diam ) 

12 Brass tubes to fit inside the above. 

24 Deep wide-mouthed bottles. 

24 Glass plates (about 2 X 3 in ) 


Notb—S ound does not lend itself readily to individual experiments by the pupils 
Most of the experiments should be demonstrated by the teacher. 


III. Heat. 


Expt. 53, 54, etc. 
53, 54, etc. 
53, 54, etc 
“ 60, 61, etc. 

60, 61, etc 
“ 53, 54, etc. 

53, 54, etc. 
“ 61, 62, etc. 

62 

“ 62 
“ 54 

'' 54 

70 
59 
69 
“ 56 

59 
“ 67 

62 

“ 66 


12 Bunsen burners (or spirit lamps if gas not available). 
12 Retort stands with rings 
12 Sheets asbestos gauze 
12 Beakers (600 c c.). 

24 Beakers (400 c c ) 

12 Florence flasks (300 c.c ), with 2-hole corks 
12 Centigrade thermometers (-20® C to 110® C) 

12 Calorimeters 
12 Lbs copper shot 
12 Lbs lead shot. 

12 Brass tubes (105 cm* long X 6 mm in diam ). 

12 Levers for above. 

12 Pohshed metal cups 
12 Capillary tubes for Charles' Law. 

12 Steam traps 

24 Small Florence flasks or spherical bottles, complete 
with corks and tubes 

12 Tall jars (about 35 cm high X 0 cm diam ). 
Supply of test-tubes (small) 

Supply of test-tubes (large). 

12 Tumblers. 

12 Yards rubber tubing. 

12 Lbs. glass tubing (jt in in diam.). 
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IV. 

Light. 

Expt 75 

n 

77, 83, etc. 

tt 

78, 86, etc. 

<t 

84, 85, etc 

tt 

84, 85, etc 

tl 

78, 79 

tt 

80, 81, etc 

tt 

83, 84 

tt 

85 

tt 

87, 88, etc 

ft 

89, 90, etc 

it 

86 

tt 

78, 79, etc 

tt 

78, 79, etc 

tt 

91 

tt 

92 

tt 

77, 81, etc 

tt 

77, 81, etc 

tt 

77, 83, etc 

it 

77, 83, etc 

tt 

77, 83, etc 

tt 

77, 83, etc 

ft 

77, 83, etc 

tt 

83, 84, etc 


12 Pin-hole cameras 
12 Screens (about 6 in. square). 

6 Packets large pins. 

24 Hat pins 
24 Rubber corks (large) 

24 Plane mirrors (2 cm X 10 cm ). 

24 <10 cm X 15 cm) 

12 Concave mirrors (/ = 25 cm ) 

12 Convex mirrors (/ = 25 cm ) 

12 Converging lenses (/ — 20 cm ) 

12 Diverging lenses (/ » 25 cm ). 

12 Rectangular blocks of glass (about 1 5 X 6 X 
10 cm ) 

24 Protractors (celluloid) 

24 Soft wood boards (12 X 12 X i m ). 

12 Equilateral prisms (about 4 cm side). 

12 Linen testers 

12 Candlesticks 

24 Paraffin candles 

12 8 c p carbon filament lamps 

12 16 c p 

12 32 c p 

12 Porcelain lamp sockets on wooden bases 
12 Covers for lamps (wooden boxes about 4 X 4 X 7 m. 

with rectangular opening in side) 

12 Lens or mirror stands 


V. Electricity and Magnetism 


Expt 98, 99, etc, 
99 
“ 99 

‘‘ 99 

98, 103, etc. 
“ 100 
** 112 
102 
102 
102 
102 


12 Pairs of bar magnets with keepers (in boxes) 

12 Horse-shoe magnets 

12 Shakers for iron filings 

12 Lbs iron filings 

24 Small compasses 

24 Knitting-needles 

24 Bars of soft iron (6 in long) 

12 Flask electroscopes 
12 Glass friction rods 
12 Ebonite friction rods 
12 Pieces of silk. 
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Electricity and Magnetism— Continued 

Expt. 102 12 Pieces of jSannel 

“ 102 12 Proof planes. 

‘‘ 102 12 Pairs condenser plates. 

** 102 12 Sticks of sealing-wax. 

102 12 Slabs of ebonite for insulating condenser plates 

** 104, 106, etc 12 Sets of elements for simple cells (8 elements) 

“ 104 12 Galvanoscopes 

Connections, etc 12 Spools (small) No 22 D C. C wire 
107, 112, etc 12 Dry cells 
‘*111 24 Lead plates. 

** 111, 112, etc 12 Small storage cells 
“ 106,107, etc 12 Daniell cells (small) 

“ 105, 111, etc 12 ^Voltmeters (zero centre, 3-0-3 volts). 

“ 115,120, etc. 12 * Ammeters (zero centre, 3-0-3 amperes) 

“107 12 Simple apparatus for electrolysis of water 

“ 108,109 24 Copper plates for copper voltameters (2 X 3i m ) 

Expt 120,121,etc 12 10-ohm resistance spools 
“ 122 12 Simple slide-wire bridges 

120,121, etc 1 spool mangamn or German silver wire to make un¬ 
known resistances 

“ 115,123, etc. 12 Porcelain sockets (for fuses). 

“ 115, 123, etc. 24 3-ampere fuses 
“ 116,117 12 Primary coils (for induction) 

“ 117 12 Secondary coils (for mduction). 

“117 12 Bars soft iron (for above) 

“ 104,109, etc. 24 Slotted terminals to fit on plates. 

“ 118 12 St. Louis motors 

“ 102 12 Sheets mica (5X5 in.) 

“ 102 12 Sheets ebonite (5 X 5 m ). 

“ 111,113 12 Electric bells 

“ 115,120, etc. 12 10-ohm circular rheostats 
*'115 1 1 spool 3-ampere fuse wire. 

*A good voltmeter or ammeter costs at least ten dollars. The -volt¬ 
meter can be used for measuring the E M F of cells and for experi¬ 
ments on fall of potential; it will take the place of a galvanometer in 
experiments on mduction and on finding resistance by using the Wheat¬ 
stone bridge These mstruments are almost essential for a proper 
working knowledge of electrical measurements, but should not be put into 
the hands of students until they understand thoroughly the precautions 
to be taken m usmg them 

Note —Certain pieces of apparatus suc^ as beakers, eleotrio lamps, etc., serve m two 
or more subjects Such items have been mentioned only once in the foregoing list. 
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Proof op Formulas for Spherical Mirrors and Lenses 


J. For M'inors Let FQ bu the object, F'Q' ifca linage, JLP = «, AF' 
= y, AC ^ r = 2f 


MiR 



The triangles Q'P'C^ QFC are 
similar, hence 


( 1 ). 


FQ FG ^p-r 
Again, considering -i'lP to bo a straight hue perpendicular to JF, 
wo have FQ ^ AF] and as the tiiangles Q'F'F, liAF are siniilai, 
F'Q' FF _p ~ Ir _ 2p — r 
AE ^ FA 


.( 2 ) 


From (1) and (2) ^ ^p'-J 

p — r i 

Simplifying this e(piafcion, and dividing through by 2F'* obtain 

1 / 2 ) H- l/i>' = 2/7 

Tn tins case F, F' and (7are all on the right of A By consideiing all 
hues from A measured to the right to be “ + and all to the left to bo 
this formula holds for all positions of the object and also for a 
convex mirror 


For example, if (in Experiment 85) p = + 40 cm , = - 8, then from the 

foiniula, 7 = - 20 cm , t.c., it is a convex mirror of radius 20 cm 

7[, Fat Len^vb Take a concave lens, and let AP — p, AF' ^ p\ and 

AF^f 


Fi 

Q’Al 


om the similar tiiangles QAF, 
' FQ ~ AF ^ p ^ ^ 


Ag<iin, A R = FQ, an<l from the 

tiiangles FP'C^, FAR, -£1^ = ^ 

AE FA 

Prom (1) and (2) £' ^ Lz. 

P f 



l>' 


Simplifying and dividing tliiough hy pp'f obtain 1/p' - 1/p = 1// 

This formula holds for all positions of the object and also for a convex 
lens. 

For example, if (m Experiment 88) p =s + 60 cm , - 20 cm., then from 

the formula,/=: - 15, i.e , itis a convex lens of focal length 15 cm. 
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Sines and Tangents 


From <7, any point in ACy draw CB 
perpendicular to AB. Then, by defi¬ 
nition, 

Sine o£ angle GAB = BGjACy 
Tangent of angle GAB = BGjAB 



Angle 

Sme 

Tangent 

Angle 

Sine 

Tangent 

Angle 

Sine 

Tangent 

o 

0 

0.000 

0.000 

o 

31 

0.515 

0.601 

o 

62 

0.883 

1 881 

1 

0.017 

0.017 

32 

0.630 

0.625 

63 

0.891 

1.963 

2 

0.035 

0 036 

33 

0.546 

0 649 

64 

0 899 

2 050 

3 

0 062 

0.052 

34 

0.559 

0.675 

65 

0.906 

2 145 

4 

0.070 

0 070 

35 

0.574 

0 700 

66 

0.914 

2 246 

5 

0.087 

0.087 

36 

0 588 

0.727 

67 

0.921 

2.356 

6 

0.105 

0.106 

37 

0 602 

0.754 

68 

0.927 

2.475 

7 

0 122 

0.123 

38 

0 616 

0 781 

69 

0.934 

2 605 

8 

0.139 

0.141 

39 

0 629 

0 810 

70 

0.940 

2.747 

9 

0 156 

0 158 

40 

0.643 

0 839 

71 

0.946 

2 904 

10 

0.174 

0.176 

41 

0.656 

0.869 

72 

0.951 

3.078 

11 

0.191 

0 194 

42 

0.669 

0.900 

73 

0.956 

3 271 

12 

0.208 

0.213 

43 

0.682 

0.933 

74 

0.961 

3.487 

13 

0.226 

0 231 

44 

0.695 

0.966 

75 

0.966 

3 732 

14 

0.242 

0.249 

46 

0.707 

1.000 

76 

0 970 

4 011 

15 

0 259 

0.268 

46 

0.719 

1 036 

77 

0 974 

4 331 

16 

0 276. 

0 287 

47 

0.731 

1.072 

78 

0 978 

4 705 

17 

0 292 

0 306 

48 

0.743 

1 111 

79 

0.982 

5.145 

18 

0 309 

0.325 

49 

0.755 

1.160 

80 

0.986 

6.671 

19 

0 326 

0 344 

50 

0.766 

1 192 

81 

0 988 

6.314 

20 

0.342 

0 364 

61 

0.777 

1.236 

82 

0 990 

7.116 

21 

0.358 

0 384 

52 

0.788 

1.280 

83 

0 993 

8 144 

22 

0.375 

0.404 

63 

0.799 

1.327 

84 

0 996 

9.514 

23 

0 391 

0 424 

54 

0.809 

1 376 

85 

0.996 

11 43 

24 

0.407 

0.445 

55 

0.819 

1.428 

86 

0.998 

14 30 

25 

0.423 

0.466 

66 

0.829 

1 483 

87 

0.999 

19 08 

26 

0.438 

0 488 

67 

0.839 

1.540 

88 

0.999 

28.64 

27 

0 454 

0.510 

68 

0.848 

1 600 

89 

1.000 

57.29 

28 

0 469 

0 632 

69 

0.867 

1.664 

90 

1.000 

Infinity 

29 

0.485 

0.654 

60 

0.866 

1.732 



30 

0.500 

0.577 

61 

0 875 

1.804 
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Metric Equivalents 


1 in. — 2 64 cm 

1 ft. — 30.48 cm 

1 yd =91 44 cm 

1 nil = 1.009 km. 

1 cm = 0 3937 in. 

1 m = 39.37 in 

1 m = 1 094 yd. 

1 km. = 0 6214 mi. 

1 sq. in. = 6 4514 sq. cm. 

1 sq. ft. = 929.01 sq. cm. 

1 sq yd. = 0.83613 sq. m. 

1 sq cm = 0-1660 sq. in. 

1 sq. m. = 10.764 sq. ft 

1 sq. m. = 1.196 sq. yd. 

1 cu. in = 16 387 c.c. 

1 cu. ft. = 28317 c c. 

1 cu. yd. = 0 7646 cu. m. 

1 Imp. gal. == 4.546 1. 

I c c. = 0 061 cu. in. 

II = 61 024 cu in. 

1 cu in. = 1 308 cu yd 

1 1 = 1 7698 Imp. pts. 

1 lb av = 453 59 g 

1 gr. = 0 0648 g 

1 kg = 2 205 lb. av. 

1 g = 15 432 gr. 


Densities op Substances, in Grams per Cubic Centimetre 


Alcohol, ethjl . . . 0,791 

Alcohol, methyl .0.810 

Alumiuium, cast ... 2.66 

Aluminium, wrought 2.72 

Benzine ... .. 0 90 

Bismuth . 9 80 

Brass wire (70Cu+30 Zn) 8 70 
Ouduiiuin, c«ist .. .. 8 56 

Cedar (average). 0 53 

Cobalt, cast. 8.60 

Cork, (.ivoraige) . .. 0 24 

Copper, cast . 8 88 

Copper, wrought. 8 90 

Diamond . 3.6 

Glycerine. 1 26 

Gold, wrought.19.34 

Ice. 0.90 

Indium.22.10 

Iron, gray oast. 7 08 


i Iron, wrought. 7.85 


Lead, cast or wrought... 11.34 
Maple (average) ... 0 68 

Marble . 2.66 

Mercury. 13 60 

Nickel 8.60 

Oak (average). 0.76 

ParafHii. 0 89 

Petroleum. 0 878 

Pine, white (average).,, 0.42 

Pine, red (average). 0.69 

Platinum. 21 45 

Sea-water. , . 1.026 

Silver, cast.10.46 

Silver, wrought. 10 56 

Steel, wire . 7 85 

Sulphuric acid . 1 84 

Tin, cast. 7 29 

Tungsten. 19.12 

Uranium.18 49 

Zinc, cast . 7.10 
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Weight in Gbaks of One Cubic Metre op Saturated Water Vapour 
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Velocity op Sound, in Metkes per Second 


Air afc 0® O 332 Pine, along fibre. , , . 3320 

Alumiiuinn . .. 5104 Oaiboii dioxide . . . 261 6 

Biass . . 3600 Hydrogen .. . 1278 

Copper.... . . . 3660 Illuminating gas . 490 

Iren . 5130 Water at 3 9“ 0 .. 1399 

Glass . 6000 to 6000 “ “13 7°C.1437 


CoEPPiciENTs OP Linear Expansion 


Aluminium.. 

... 0 0000 2313 

Nickel 

. 0 0000 

12T& 

Biass , 

,. 0 0000 1900 

Platinum 

0.0000 

0899 

Copper 

, . 0 0000 1678 

Sdvei 

. . 0 0000 

1921 

Glass .. . 

. 0.0000 0899 

Steel 

. 0 0000 

1322 

Gold 

0 0000 1443 

Tin .., 

. 0 0000 

2234 

Iron, soft,. . 

.... 0 0000 1210 

Zinc 

.0 0000 

2918 


Spboipic 

> Heats 



Aluminium 

0 214 Ice at — 10 

•°C.. 0.60 

Paraffin. 

0 694 

Brass 

0 090 Iron. 

.... 0 113 

Petroleum ... 

0 511 

Copper - 

0 091 Lead. 

.... 0 031 

Platinum -.. 

0 032 

Glass, crown 

0 16 Marble .,. 

... 0 216 

Silver 

0 056 

Gold . 

0 032 Mercury.., 

_0.033 

Zinc. 

0 093 


Indices op Rbpraction, por Sodium Light 

Crown glass,. .. 1 614 to 1 560 Hydrochloric acid, at 20® O 1 411 

Flint glass . 1,608 to 1 792 Nibiic acid, at 20° C 1 402 

Rock salt 1 544 Sulpliunc acid, at 20^ C 1 437 

Sy’vmo(potassium chloride) 1 490 Oil of turpentine, at 20° C 1 472 

Flu» spar ... 1 434 Ethyl alcohol, at 20° O 1 388 

Diamond , . 2 42 to 2 47 Carbon bisulphide.1 628 

Canada Balsam . 1 628 Water, at 20° 0.1.334 


Critical Angles 

Water .48|t° Crown glass , ... 40|“ Carbon bisulphide 38° 

Alcoh«a)l. .... 47i Flint glass ... . 36J Diamond.42J 
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Specific Resistance and Resistance per Mid-poot 

Specific Resistance IS the resistance of a cube of the material, whose edge is 1 cm, 
when a current flows parallel to one of the edges 

1 ss 1/1000 inch; 1 mil-foot » 1 ft. long and 1 nul diameter. 

Specific Resistance is given in microhms, or millionths of an ohm. Resistance per 
mil'foot is in ohms Temperature is 20° C unless otherwise stated. 


Substance 

Sp R 

M.-ft 

Substance 

Sp R 

M. -ft. 

AlununiuiQ wire. 
Carbon (filam^t) 0®C 
'' 1500*^0. 

Copper wire. 

German Silver. 

Iron wire. 

Steel rails. 

Mercury 

2 83 
3600 
1500 

I. 72 
21 
10 

II. 9 
95 8 

17 0 
21,054 
9,023 
10 4 
126 

60 

71 6 
576 

Chromium ... 
Nickel 

Nichrome wire. , 
Platinum wire. 
Silver wire 
Tungsten, 20° C.. 
1^27 °C. 
3227 °C 


15-6 
46 9 
602 
60 2 

9 8 
33 1 
357 
710 


Resistance at 0® 0. op Copper Wire (Brown and Sharpe Gauge) 


Gauge 

No 

Diam 
in mm. 

Section 
in eq. mm 

Ohms per 
1000 m. 


11.68 

107.2 

0.1519 

000 


86.03 

.1916 

00 

9.27 

67.43 

.2416 

0 

8.25 

53.48 

.3045 

1 

7.35 

42.41 

.3840 

2 

6.64 

33.63 

.4842 

3 

6.83 

26.67 

.6106 

4 

5.19 

21 15 

.7699 

5 

4.62 

16.77 

.9709 

6 

4.12 

13 30 

1.224 

7 


10.55 

1.544 

8 

3.26 

8.37 

1.947 

9 

2.91 

6.63 

2.465 

10 

2.59 

5.26 

3.095 

11 

2.30 

4 17 

3.903 

J2 

2.05 

3.31 

4.923 

13 

1.83 

2.62 

6.206 

14 

1.63 

2.08 

7.826 

15 

1.45 

1.66 

9.868 

16 

1.29 


12.44 

17 

1.16 

'■'1.04 

- 15.69 

18 

1.02 


19 79 


Gauge 

No. 

Diam. 
in mm. 

Section 
in sq mm 

Ohms per 
lOOO m. 

19 

0 913 

0 663 

24 95 

20 

.812 

.618 

31.46 

21 

.723 

.410 

39 67 

22 

.644 1 

.326 

60.02 

23 

573 

.258 

63 08 

24 

.611 

.205 

79 54 

25 

.454 

.162 

100 3 

26 

.405 

.129 

126.5 

27 

361 

.102 

169 5 

28 

.321 

.081 

201.1 

29 

.286 

.064 

253.6 

30 

.265 

051 

319 8 

31 

.227 

.040 

403.2 

32 

.202 

.032 

508.4 

33 

.180 

.026 

641.1 

34 

.160 

.020 

808.6 

35 

.143 

.016 

1019 

36 

.127 

.013 

1286 

37 

.113 

.010 

1621 

38 

.101 

.008 

2044 

39 

.090 

.006 

3678 

40 

.080 

, .005 

3250 
































